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INTRODUCTION 
A major concern of livestock pro ducers is maximum animal growth 
and pro duct yield . Most animals can grow and produce normally over a 
wide range o f  ambient temp era tures , air  velo c i t ies , relative humidi t ies , 
and solar radi a t ion conditi ons , but under extreme cond i t i ons stres ses 
will develop in unpro tected animals . South Dakota winter weather is  
often severe wi th low tempera t ure , high wind velo ci ty , high humidity ,  
and freezing rain o r  snow o ccurring s imultaneously . S tresses  c aused 
by this combi na t io n  o f  weather cond itions are the greatest hazard faced 
by lives�ock wintered outdoors , Winche s ter (42 ) . Windbreaks and o ther 
forms of shelter are commonly used to reduce the e f f e cts o f  one or more 
of these environmental factors . While information is available concern­
ing high temperature and humidi ty effects  on lives t ock production and 
phys i ological stres s ,  only limi ted data on the effe cts o f  c old climatic 
condi tions on livestock s tres s are available , espe ctially under ac tual 
winter conditions . 
Agri culturalists need informat ion concerning the combinat ion o f  
winter climatic factors caus ing stres s t o  properly develop shelter and 
housing des ign recommendations for improved cold c lima te lives to ck pro­
duction. Spe ci f i c ally, research bas e d  on the phys iologic al re act ions 
of animals to varying clima t i c  condi t ions is needed to develop effe ctive 
temperature indices f or individual typ es o f  livesto ck that rela te 
combinations o f  climatic conditions to live s t ock comfort . 
When a warm blooded animal, homeotherin , is  subje c t ed to an 
environmen t c o lder than body temperature, according to the phys ical 
l aws o f  heat and mas s tr ans fer , heat dis sip ation from the animal will 
be increas ed . Lef t  unche cked the body tempera ture wil l  drop, homeo­
thermia, poss ibly resul ting in death. The animal compens a t es for this 
heat los s by incre as ing hea t production and/or reducing he at loss by a 
number of chemical o r  phys ical adjus tments . One such adjus tment is 
vasocons tri c t ion , whi ch reduces bl ood flow t o  the sur fac e , thereby , 
reducing the t emperature of the s kin and extremitie s , with p eripheral 
t emperatures o f  some homeo therms dropp ing to s lightly above freezing 
withcut injury or app arent discomfort , Scholander (31). The blood 
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flow to the s u r face is further reduced by a de creased pul se rat e , result-
. ing in less h e at trans fer from within the body to the surface. With 
the skin temp e rature reduced , heat los s to the environment by c onvection , 
radi ation , and conduc t ion is reduced, because the s urfa ce and ambient 
temperature d i ffe rence is les sened . 
Re sp ira t ion rates o f  animals subjec ted to col d  environments are 
reduced to minimize evaporative and sensible he at loss from the resp i­
rat ory system . Many types o f  animals wil l ac cl imat e  t o  the env ironment 
by increasing the thi cknes s o f  the insula t ing hair co a t  and the 
sub cu t�neous fat layer . By increas ing the insulating p roperties  of 
the ou ter sur face , hea t  lo ss is reduced . Increasing he a t  produc tion 
is ano ther facto r in an ani.mal's acclimat i zation and i s  a ccomp lished 
by incre as ing the basal me tabol ism rate . Fo r abrup t changes in environ­
ment , increased he at product ion takes the form of increased me tabolism 
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and muscular a c t ivity such as shivering . Pilomo tor reflexes provide 
ano ther adjus tment to f alling tempera ture by erec tin g  hair or  feathers. 
Ambient t emperature , relative humidity , wind velocity , and s olar 
radiation are fa c tors affecting comfo r t  and produc tion of lives t ock. 
A knowledge o f  the significance o f  each of these factors  on skin 
temperature, rectal t emper ature , pulse rate , and respiration rate of 
cat tle  would be us e fu l  in determining s tres s  cau�ing conditions. 
Ac tivities o f  the chemical and physical mechanisms to maintain const ant 
body temperature are minimum at critical tempera tur e , which varies 
with type and age of livesto ck. Incre ased a c tivity o f  these homeo thermic 
mechanisms indicate animal discomfort and reflect energy uses no t ava:i.1-
able for production. Relationships between climatic conditions and 
animal c omf o rt are ess ential .in the design o f  improved she l ters and 
housing sys t ems. The refore , a s tudy was initiated w i th the fo ll owing 
objectives: 
1 .  To relate the winter climatic factors of ambient temperature , 
wind veloci ty , relative humidity , and s o l ar r adiation to 
dairy cal f rectal and skin tempe ratures , pulse rate , and 
respir ation rate. 
2.  T o  develop a cold weather effective temperature index for 
dairy calves from the skin and rec tal tempera ture s ,  pul se 
rate , and re spirat ion rate respons es to n atural winter climatic 
f ac to r s. 
REVIEW OF LITERATURE 
Heat Produc tion 
The environmen t cir cums cribes all non-genetic influences affecting 
calves . To obt ain an es timnte of the influence att ributed t o  environment 
ei ther a physio logical or a productive response is measured. Physio­
logical responses such as rectal tempera ture , respiration rate , pulse 
rate, and skin temperature provide a measure of animal comfort. 
Experiments designed to determine the influence of low temperature , 
under controlled conditions on the very young calf , are few. However , 
ac cording to Appleman and ()wen (1) there are numerous rep or t s  o f  c alves 
being kept outdoors during cold weather without adverse effe c ts . Erb (8) 
raised calves in open sheds at.tempera tures to -20 F with a death loss of 
two percen t . Murley and Culvahouse (28) housed three day old calves in an 
open shed a t  temperatures d own to 13 F with no adverse ef f e cts . Work 
at South Dako t a  S tate University by Jorgenson (14) and at Purdue by 
Willet (41) subs tantiated the previous findings . 
Calves and other animals can experience low t emper a tures and 
the accompanying winter environmental factors without  adverse effects , 
i f  they main tain homeothermy through appropriate physiological resp onses .  
Increased heat produc tion is one homeo thermic response to low temper­
atures. Blaxter , et . al . ( 2) found that young calves begin t o  increase 
heat pro duc tion when air temperature drops below 5 5  F. McDowel l (26) 
showed tha t  ma ture animals do no t increase heat produc tion until air 
tempera ture is about 4 4  F and yearling heifers appeared to have about 
the same response. 
Tho mpson ( 36) in s t udies of Jers ey, Brahman, Brown Swis s, and 
Ho ls tein d airy cow s  found that decre as ing the tempera ture from 9 0  to 
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10 F incre ased t o t al he at production fro m 2 6 00 Btu/hr/100 0  lb to 3800 
Btu/hr/10 00 lb . Kibler and Brody (17) concluded tha t  gradually decreas­
ing temperature from 50 t o  5 F c aused a 30 to 35 p ercent increase in 
heat produc t io n  of lactating Jers ey cows, and a 2 0  to 30 p ercent  in­
crease in hea t  pro duc tion fo r lactating Hols tein cows .  Gradually 
increasing temperatures from 5 0  to 100 F cause d  a 20 t o  30 p ercent 
de crease in heat production above 70 to 8 0  F. 
Kibler and Brody (20) found that increas ing w ind veloc i ty from 
0. 5 to 10 . 0  mph c aused an increase in heat dis s ip ation to the extent that 
he at production increase d  from 20 to 30 p ercent whi le rectal temperatures 
for Ho ls tein, Jersey, and Brown Swiss cows remained normal . Brahman 
cows increase d  he a t  product ion by 60 p ercent bu t had a decrease in 
rec t al t empera ture o f  ·app roximat ely 1 F .  Blaxt er, e t. al. (2) s tudied· 
the e ffe cts o f  a i r  velo ci ty on cri tical temperature o f  s teers and s tated 
that low air veloci ties have a pro found c ooling e f fe c t, esp ec ially b elow 
crit ical temp eratures. Incre as ing air velo city from 0 to 1 . 6  mph had 
no ef fecc on heat produc tion of s teers at 6 8  F but at 32 F with a 
0 . 4 mph wind veloci ty, he at produc tion increased 4 p erc en t . At 32 F 
and a 1. 6 mph wind, heat produc t io n  incre ased nearly 1 0  p ercent. 
Air movement can caus e an increas e in the cri t ic a l  t emperature so 
that heat pro duc t ion b eg ins at a higher temperature. S tudying 800 lb 
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cross bred calves , Webster ( 3 8) concluded tha t the cri tical temperature 
was increased f rom 16 to 38 F by in creasing the wind vel ocity f rom zero 
to 12 mph . Web s ter (40)  comp iled critical temper atures for 1 mon th , 
1 year and 4 year old range cat tle at zero and 10 t o  16 mph wind 
velo cities. Wind ve lo city in creased critic al temp e ra tur e s  2 4  F for 
the 1 month o l d  calve s , 3 0  F for the yearlings , and 35 F f o r  the 4 year 
old animals. Critical tempera tures of the year ling and 4 year old cat tle 
increased by as much as 42 F when the catt le wer.e being fed a low energy 
die t . 
Heat  pis sipation 
Wors tell and Brody (4 3) concluded tha t heat loss f r om the b ody as 
a who le t ends to follow Newton's Law ·of c oo ling ;:1.nd heat flow fr.om the 
body in terior to the surface tends to be proportional t o  the peripheral 
tissue conduc tance , which is vaso controlled by b lood f l ow . A gull s tud ied 
by Schol ander (31) did no t lose much heat a t  -40 F from i t s  long , thin , 
naked legs b ecause o f  the gre atly redu ced blood flow. · The blood f low 
was reduced by vasocons triction which also reduced the conductance of 
the peripher al t i ssue and the refore reduced the sur face t empera ture to 
slightly above f reez ing . According to Wors tell and Brody (43) , Har t  (13) 
reported that  in quiet mice , he at produc tion and heat loss are pro­
portional to the sur f ace- t o-environmental tempera ture gradient when amb ient 
temperature i s  below cri t ic al temperature . In the s tudy of ar tic animals 
Scholander (31) repo rt ed that hea t loss is es sentially propo rtional to 
the b ody-to-air temperature difference below the thermoneutrali ty zone . 
Hardy (1 2) concluded tha t  in man the rate of cooling f ollowed New t on's 
Law o f  co oling and was a constan t  5 . 3 Cal/m2/hr p e r  degree difference 
in skin and calo rime ter temperature . 
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The literature cont ains reports on he at lo s s  by cat tle at various 
ambien t t empera tures . Yeck (4 6) reported tha t the average rate of heat 
dissipation decre ased from 4720 B tu/hr/1000 lb cow at  10 t o  40 F to 
2820 B tu/hr/1000 lb of b ody weight per degree Fahrenhei t  as  ambient 
tempera ture incre ased from 65 t o  90 F .  
Heat transfer can occur by vaporization withou t  a temperature 
gradient even though the rate of vapo rization is direc t ly r e la ted to 
the temperature . Ye.ck (4 6) found that the rate of mois ture dis sip ation 
from Jersey and Holstein cows increased from 0 . 77 lb/hr/10 0 0  lb of body 
weight a t  10 t o  40 F to 2 . 41 lb/hr/1000 lb at 70 to 100 F .  In a s tudy 
of the e ffec t  o f  climatic f actors on dairy cows Wors tell and Brody (4 3) 
showed tha t  hea t  los s by vaporization approaches z ero at l ow temper atures 
and tha t  nearly al l heat t ransfer occurs by convectio�, conduction, and 
radiation . However, as amb ient temperature approaches body t empe rature , 
he at loss by conduction , convec tion , and radiation app roach z ero  and 
heat is dissipated mostly by vaporization . Accord ing to Kib ler and 
Bro dy (22) respiratory vaporiza tion proved to be an impor tan t  me ans o f  
heat dissipation .  At 5 0  to 110 F and 60 to 110 F, as much as  35 percent 
of the heat pro duced was dissipated by respira t ory vapori z a tion , but 
at 1 0  to 4 0  F only approximately 6 percent o f  the he at was lo s t  due to 
respir atory vapo riz a tion . Kibl er, Yeck, and Berry ( 24), concluded that 
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respiratory vaporization accounted f or approximately 8 percent of the 
heat l oss at 50 F and approximately 12 percent at 80 F .  Skin vapori­
zation accounted f or approximately 16 percent of the l osses of bod y  heat 
at 50 F and 41 percent at 80 F. Re sults from stud ies by Cargil and 
Stewart (5) showed that evaporative heat transf er is inversely related 
to rel ative humid ity. At a temperature of 80 F ,  increasing rel ative 
humidity f rom 30 to 80 percent reduced total vapor d issipation f rcm 
2.33 l b/hr to 1.74 l b/hr. 
Worstel l and Brod y (4 3) reported that cattl e in mountain states 
are wintered outd oors without injury at temperatures as l ow as -40 F ,  
which prod uces a temperature grad iant of approximatel y 140 F .  
Thompson, et. al . ( 3 6 )  stud ied the ef fects of wind on vapori­
zation from the surface of d airy cattle and fou nd no noticeabl e eff ect 
of increasing air vel ocity on the vaporization rate at 18 F, but at 
50 F ,  the ef f ect was uncertain. However, a t 60 to 80 F ,  an increasing 
wind vel ocity red uced the vaporization rate d ue to surf ace cool ing by 
convection. In man the convective heat l oss d oes not increase l inearl y 
with an increase in air velocity, but approximatel y with the square root 
of velocity, Gagge, et. al . (11) . 
Pulse End Respiration Rates, Rectal and Skin Temperatures 
Anim al comf ort d etermination and its relationship to environmental 
cond itions was one of the concerns of this stud y. The f ol l owing physio­
logical responses were selected as ind icators of comf ort: respiration 
rate, pul se rate, rectal temperatures and skin temperatures, since previ­
ous research has ind icated their relationship with animal comf ort. 
Studying the effects of air velo c i ty on heat dis sipation Kibler 
and Brody ( 2 0) concluded tha t rectal tempe rature should be given con­
siderable at ten tion f o r  de termining the upper limi t s  o f  the comfort 
zone f or cat tle. At l ow temp eratures , however , re ctal  temperature may 
not be a g ood index of comfort , since he at produc tion rises and milk 
produc tion may be depres sed before rectal temperature f alls below 
normal values . The study pointed out that rectal t empe ratur e is the 
bes t availab le index of an animal's ability tc main tain homeo thermy , 
ho wever , i t  i s  a local measurement and may reflect local conditions 
rather than gener al conditions . The local effe cts would p re sumably 
diminish with inc reased dep th of temperature sens o r  ins e r t io n . 
Resp ira tion rate and pulse rat e have also been found t o  be good 
indices of l ives tock comfor t in s tudies of environmenta l ef f e c ts . 
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Kible r and Brody ( 1 7) found that respirat ion rates a t  5 F were app roxi­
mately 0 . 4  that  a t  low temperatures and there was no evidence of breed 
di fferences . In the win ter minimal rates o f  10 t o  15 respi r a t ions per 
minute were obs e rved at 4 F .  The gradual decr ease o f  ambient t emp er ature 
from 50 to 5 F showed no significant change in re c t al t emperatures but 
an increase in pulse ra te of approximat ely 8 percent was no t ed . Wo rs tell 
and Brody ( 4 3) found no change in rectal tempera tur
.
e from about 32 to 
60 F,  bµt respiration rate decreased gradually for temp era tures f rom 
40 to 8 F in a comp arative s tudy of European and Indian evo lved c a t t le .  
In an exp erimen t with Shorthorn , Brahman , and Santa Ger trudis c alves , 
Kibler ( 15 )  us ed fl ank movements for counting respiration rates and a 
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s te thos cope for coun ting p ul s e  rate of calves . Results revealed that 
age had lit tle ef fect  on respiration but was a factor in pul s e  rates . 
At t emp eratures of 50 to 80 F maximum hea r t  rates were noted at 4 to 
6 months , accompanied by a r ap id de crease for ages 6 to 8 months , and 
a les se r  dec rease thereafter . 
Kibler and Brody (19) , in a s tudy o f  the effects of temperatures 
from 50 to 1 05 F and 50 to 9 F on he at production and cardio r e spira tory 
act ivit ies  in Brahman , Je rsey , and Hol s tein cows , found that rectal 
temp eratures remained nearly normal from 5 0  to 9 F. Pul s e  r a t es 
incr eased with de creasing temperature , and respiration rates d e creased 
from approxima tely 25 to 15 p er minute in the Hol stein s , from 20 to 14 
in thG Jerseys , a.nd fr-om 14 to 12 in the Brahmans a s  temperature 
decreased from 50 to 9 F. Wo�king with nonlact ating Hol s te in c ows 
Kibler , e t . al . ( 2 3) s tudied the effect of temperature s  from 2 to 35 C 
on ener gy me t abo lism , ventilation rate , v ap orization r a t e , resp ira tion 
rate ,  puls e r a te , and re ctal , skin and hai.r temperatur e s . This s tudy 
agrees with e arlier s tudies concluding tha t cold expo su r e  from 2 to 10 C 
tended to inc rease pulse rate  and decreas e  r esp ir a tion rat e . In s tudies 
using a he at chamber· , Car twright (5) found that re l a t ive humidity and 
age were significan t ly correlated with body temperature and resp iration 
rate. Nelso n ( 29) found that mean respiration r at e s  wer e  h1gher by 9 . 8 
coun t s p er minut e fo r Brahman heifers , 19 . 1  for Santa Gertrudis , and 
43 . 7  fo r Shorthorns a t  80 F than at 50 F. In cal culat ing thermo regulation 
time constan t s , Stewar t and Baily (33) measured rec tal and hyp o thalmic 
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temperatures, respiration rate , and pulse rate of heife_rs subjected 
to an abrup·t ambient temperature change from 24 t o  35 C. Pulse rate 
appeared t.mre:lia.ble fo r young cat t le with p ar t  of the error in the time 
cons tan ts a ttributed to differences in basal met abolism between the bYO 
heifers . In the previously mentioned study by Kibler and Brody (20), 
it was noticed that at about 17 F, i.ncreasing the air velocity from 
0.5 t o  10 mph c aused a significant increase in pulse r a t e  of 5 t o  9 
beats p er minute for Holstein cows . Respiration rate  showed from lit tle 
change to a slight de crease . 
Kible r  and Brody (22) noticed tha t in a study of the physiological 
effects of diurnal t·emperature cycles , during 10 to 40 F temperature 
periods recta l t emperatures were relatively constan t  for dairy c ows . 
There was a slight rise between 3 and 6 P . M . and � slight fall between 
8 A.M. and noon , but at no time did the amplitud e  o f  the �e c t al temperature 
cycle exceed 2 F .  Respiration rates were found t o  be insensitive t o  
temperature changes between 10 and 4 0  F bu t showed differences between 
size and breed . Pulse rates changed with ambient temp erature , however , 
there was no sharp diurnal pat tern . Pulse rates also in creased a t  
feed ing time . 
Thompson , et . al . (36) reported that incre asing air ve locity 
reduced the skin and hair temperatures of dairy cows r oughly in p ro­
portion to the d ecl ine in environmen tal temperature . The lowering of 
the surface temperature with incre asing air vel oci ty was due to incre ased 
convective cooling since increase d air velocity did no t increase the 
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vaporiza tion r at e , excep t a t  9 5  F .  Also the lower the ambient tempera­
ture the grea ter the depre s s ion of the skin temperature wi th increas in8 
air velo city . In a s tudy of the effects of growth and environmental 
tempera tures on surface temperatures of beef calves , Stewar t and Shanklin 
(34) con cluded that at 50 or 80 F, increas ing b ody weight is as sociated 
with de creas ing skin t empera ture . Kib ler and Bro dy (20) concluded that 
at 45 F air t empe rature , r espiration rate , pulmonary vent ila t ion rate 
and evap orative cooling increased moderat ely with in c re as ing r adiation 
intensi ty. These increase s  were p e rsumed related t o  incre ased skin 
temperature rather than he a t  strain , as there were es senti ally no changes 
in rectal temperature or heat production . At 80 F rectal t emperatures 
ir..creased in European evo lved cows by 0. 5 to 5 F .  Re la tin g environmental 
temperatures to  the skin and h�ir temperatures of Europ ean and Indian 
evolved cows led Thomps on , e t . al . (35) to.the conclusion tha t skin 
temperatures in creased l inearily wi th amb ient tempera tures from zero to 
65 F and then continued to increas e b ut at a reduced s lope . 
At  high temperatures , according to Appleman and Owen (1), high 
humidity has the effect of reducing he at loss by evap o r ation , thus adding 
to the he at s tres s . Heat loss by evaporat ion at low temp era tures is 
minimal b ut a high relat ive humidi ty causes dampnes s of the coa t  and 
bedding so tha t  vapo r from these surfaces may increase  the unfavorable 
effect of low t emperatures. Early work at Mis souri failed to  show any 
measurable effect from humidity when temperatures ranged from zero to 
.70 F ,  but Kib ler ( 16) demons trated a close relat ionship b etween rectal 
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temperature , resp ira tion rate , and pulse race and the temperature-
humidity index (THI). It  was sugges ted that this relationship may be 
app licable to  cat tle as well as man . According to App leman and Owen (1) , 
Find l ay (10) , and Pres ton (30 ) concluded that high humidity may have 
some effe c t due to condensation and damp bedding , but there is no 
evidence to sugges t  that high humidity itself has any effe c t  on the 
animal at low temperatures . 
Acc limatiza tion 
One adap t a tion to the environment by animals i s  the development 
of an insula t ing hair co at  which is ac comp lished b y  reduced shedding. 
Web s t er (38) observed that to t al hair cover and mean hair coa t  depth 
of 600 pound cross bred calves kept  outdoors from January through March 
was almo s t  doub l e  that o f  calves housed at 70 F .  Web ster , e t . al. (39) 
reported tha t ca t t le kep t outdoors under ex treme cold conditions became 
more cold toleran t  than pro tec ted animals . The cold to lerant calves , 
however ,  became int olerab ly heat  s tressed when subject ed to  a 70 F 
climate. A ccording to Appleman and Owen (1), Web ster (40) found that  
sudden p erio ds o f  mild weather may impose a more s ever e  s t res s on  cold 
tolerant c a t t le tha� prolonged periods of severely cold weather. 
Appleman and Owen (1) , from field observations o f  Hols t ein and Brown 
Swiss calves , con firm the opinion tha t calves s tarted outside were 
more cold to leran t than those s tarted in a heated barn. All calves 
s tarted outside r apidly developed hair  coats and thrived well outside . 
Kibler and Brody (22) s tud ied the ef fects o f  diurn al temperature cycles 
2944.25 SQUJH DAKOTA STATE U
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on heat produ c t ion and cardiorespiratory activities in Holstein and 
Jersey cows and found that temperature increase from 80 to 110 F by  
increments o f  5 to 10 F at 1 to  2 week intervals, depressed he at 
produc t ion by 40 t o  4 5  per cent. When the tempera ture changed rapidly 
or diurnally from 60 to 110 F ,  the change in heat p roduc t ion was abou t 
5 percent. The d iffe rence in responses was thought to b e  due to 
acclima tization. Wyndham and Jacobs (44) , working with miners , found 
that if a man acc l imated to work in the heat of a mine is kept on 
the surface for 6 days , much of his acclimat izat ion i s  l ost . Depocas , 
et. al. ( 7) , in a study of ac climat ization of whit e  rats , reported 
that rats acc l imated t o  30 C coul d w iths tand tempera tures do wn to -15 C. 
Whereas , rats acclimated t o  6 Chad a l ower limit of - 35 C. The cold 
acclima t e d  rat s  a cquired t he ab ility to rea ch high he at  p r odu c t ion 
and maintain high heat production for long period s . 
15 
PROCEDURE 
The effe cts of t emp erature , relat ive humidi ty , wind veloci ty , 
and solar radiati on were evalua ted from December 1, 1973 to March 7, 
1974 on resp iration rate , rectal temp erature ,  heart r a t e , and skin 
temperature of three Holstein steer calves maintained under winter 
climatic conditions . All tests were conduc ted on t he South Dakota 
S tate University , Dairy Resear ch Farm lo cated app ro xima tely two miles 
north of Brookings , South Dako ta . 
The calves , 14 weeks of age at the beginning of the study , were 
wintered outdoors w ith access to cold housing in a free s tall barn with 
all feed and water p r ovided outdoors . During the t ests the calves 
were removed from this lot and tied in stalls in an op en field away 
from buildings and trees . The stalls were construc t ed t o  give minimum 
interfe rence t o  wind and so lar radiation , and could be rotated and 
secured at any angle so that the calves faced normal to the w ind 
dire c t ion , Figure 1 ,  exposing the largest calf area to the w ind for 
maximum conve c t ive cool ing . The calves remained in the s talls for 30 
minutes befo re tests were initia ted to eliminate handl ing effe cts on 
physio logical responses . All tests were performed during daylight hours4 
Ambient temperatures as well as rectal and skin t emperatures were 
monito red w ith copp er- constantan thermocouples and were rec orded by a 
s trip-chart p o t entiometer . Re ctal temperatures were de t e cted by 
thermocoup les imbedded in plexiglass tubes , whi ch were inse rted to a 
depth of approximately 10 in ches . Two thermocoup l es were used on each 






s ide of each c alf to measure skin tempera ture o f  the trunk region , 
Figure 2 .  The thermo couples were held in place b y  attaching them to a 
spring-s t eel harnes s  a t tacheci to the back o f  each calf . Care was 
exer cised to redu ce condu c t ion from �he skin by the harness wires and 
to insure minimum inter ference to incident wind and solar radiat ion . 
Sco t t  and Pelman (32) discussed the characteri s t ics, advantages , and 
disadvant ages of biotelemetry, SAMI instrumentat ion , conclud ing that , 
if wire connec t ions are us ed , the data is more reliab le than with 
other s ys tems . 
Resp i ra t ion rates o f  the calves were counted e i ther by visually 
observing the condens ed respiratory vapor, observing fl ank movemen ts , 
hand conta c t  in the flank area, or by listeninga Puls e  rat e  was detected 
with a s te tho s cope . In i t ial hear t rates wer e usually higher than 
subsequent counts, therefo re, pulse rates were determined over a period 
of seve ral minutes . Rel at ive humidity and solar r ad i a t ion data were 
ob tained from weather re cords monitored at the Agricul t ural Engineering 
Building app roxima tely two miles s ou th of the rese ar ch s i te .  Wind 
velocity was measured at the s i t e  with a vane anemomet er . Data were 
colle c t ed for the three calves s imul taneously on 12 dif feren t  days giving 
a total of 9 6  resp irat ion rates , 109 puls e r ates , 368 r e c tal t emperatures, 
377 amb ien t t emperatures , and 1 5  different wind ve loci ties . 
Step-wise mul t iple and polynomial regress ion analyses were used 
to estab lish the corr elat ions b e tween the measured c limat ic  f ac t or s  and 
the phys iologi cal responses . 
Figure 2 .  Side View of Calf Showing Location of Skin Temperature Sensors 
� CX> 
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RE SULTS AND DISCUSSION 
Puls e  rat e s , rectal temperatures , respiration rates , and skin 
temperatures were monitored for three Ho ls tein s t eer calves under actual 
climatic condi t ions from De cemb er 1 ,  19 73  to March_7 ,  1 97 4 .  Wind 
veloci ties ranged from 3 . 1 to 15.8 mph , tempera tures from 37.5 t o  
-12 . 0  F ,  re lat ive humidi ties from 4 9 . 5  t o  90 . 0  per cent , and the range of 
s olar radiation int ensi t ies was f rom nearly zero to 0.6 gm- cal/cm2 . 
The calves , s elected on the b asis of age and sex showed similar 
response p atterns . Howeve r ,  one calf tend ed t o  be  nervous , had a 
c onsis tently higher pulse ra te , had a poorly developed hai r coat , and 
tended to shiver even at comparatively mild weather cond itions� All 
s tatisti cal analyses reflect the responses o f  the three calves t aken 
collectively . Results  wil l be pres ented and discussed under the 
following sub-headings: pulse rate , re ctal temp eratur e , resp iration 
rate , and skin t emperature . 
Pulse Rate 
The range o f  pulse rates for  the thr ee calves was from 6 0  t o  138 
beats per minute wi th the pulse rate of the nervous calf  never lower 
than 74 beats p er minute and the pulse rates of the o ther two calves 
never exc eeding 122 beats p er minute . Pulse ra tes generally t ended to 
increase as temperature de cre ased , al though the lowest pulse r at e  was 
re corded on the c oldest day , -12 . 0 F, with a mo derate wind velocity of 
8 . 6  mph. Thi s  was p r obab ly due to ac climatization , whi ch will b e  
discussed l a t e r  i n  this se ction . 
20 
Increasing wind velo city tended to decreas e  pulse ra te acco rding to 
the fo llow ing s ignifi can t* p rediction equat ion , illus trated in Figure 3 ,  
. P R  = 110 . 1  - 0 . 0126 VW, 
PR = pulse rate , beats p er minute 
VW = wind velo ci ty , feet per minu te 
which explains 7 . 2 per cent of the var iation in pul s e  rate . This  d is­
agrees with research by Kib ler and Brody (20) that revealed a 5 t o  9 
beat per minu te increase in pulse rat e  of Hols tein cows maintained at 
17 F as wind velo city increased from 0 . 5  to 10 mph .  However , S tewar t 
and B aily (33) repor ted tha t pulse rate may not b e· a reliab le phy s i o­
logical s t res s indicator fo r young cat tle . 
Pulse rat e was no t linearily related to any of the remaining 
climatic variab les moni tored or combinat ions of these variabl es . 
Howeve r ,  pulse r ate varied curvilinearly with amb ient tempera ture as 
indi cated in the following six th degree polynomi al : 
PR= 119 . 6  - 3 . 22 TA+ 0 . 16 (TA) 2 + 0 . 023 (TA) 3 - 0 . 0031 (TA) 4 
+ 0 . 00012 (TA) S - 0 . 0000014 (TA) 6 
TA = amb ient tempera ture , F 
which exp lains 6 8 . 1% of the variation in puls e rate . Figure 4 shows 
pulse ra te dat a at various temperatures for each caif and the prediction 
equation . Al though , the re is cons iderab le variation be tween calves the 
nature o f  the r esponse is the s ame for all three calves at any given 
temperature . Kibler and Brody (1 7) and (18) , and Kibler , et . al . (23) 
found a s imilar trend at temperatures from 30 t o  5 F for Jersey , Holst ein , 
* Significance in this p aper is at the 5� level , Table 5. 
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and B rahman ccws . 
Analysis o f  Figure 4 and Tab le 2 reveal what appear to b e  dis­
crepancies be tween pulse rate  responses and tempera ture condi t ions on 
certain days . The pul se rat es on 'December 31, 19 7 3  were approxima tely 
4 5  beats pe r minu te lower than on January 11 , 19 74.· Tab l e  2 shows that 
the amb ient temperatur es we re -12 and -9 F ,  wind velo cities were 8.6 
and 7. 7 fee t per m inute , respe ctively , and all o ther data wer e similar 
or ident ical  for the two days . The Army's Wind Chi ll Chart ( 2 7 )  comb ines 
effects o f  wind velo city and l ow ambient temperature int o  an effective 
temper ature o f  approximately -30 F .  Decemb er 31 was an ex tremely cold 
day following a week of rela tive ly mild win ter temp eratures wi th no 
extremely cold temperatures prior to that , Table 4. The calves , ther.e­
fore ,  had no oppo r tunity to become acclima ted to cold c ondi tions . The 
amb ient t emperatures remained ext remely low'until January 11 , when data 
indicate tha t the calves had b ecome cold toler ant . Using similar logic , 
data coll e cted Mar ch 7 ,  19 74 and January 24 , 1974  produc e addi tional 
evidenc e that acclimatiz ation i s  an imp or tant factor in lives t o ck response 
t o  cold weather . 
The lit era ture suppor ts the importance o f  acclima tization o f  
mammals to hea t  or cold . Wyndham , et . al . ( 44) reported tha t  s ix d ays 
was adequa te t ime fo r  man to lose much o f  his heat  toleran ce . Depo c as , 
et . al. ( 7) found tha t white ra ts acclimated t o  a temperature o f  3 0  C 
could withs tand temperatures as low as -15 C ,  but rats acclimated to 
24 
6 C could tol erat e  tempe ratures as low as -35 C .  Web s t er , e t . al. (3 9 ) . 
reported· that calves kep t outs ide under extremely cold conditions became 
cold tolerant but were s everely he at stress e d  at 70 F. 
Some of the variation in pulse r ates may b e  att ributab le to the 
d i fferen ce s  in acclimatization o f  the calves on d if fe rent days . The 
relat ionship of amb ient t emper ature and pulse rate on the two d ays 
discussed may indicate one of the first responses to be expe cted when 
calves are  exposed to low actual or  effective temperatures t o  which 
they are not acclimated . 
Rectal Temperature 
Rec tal temperatures are depressed by an increase in  wind velo ci�y, 
Figure 5 ,  wit h  37 . 7  percent of the variation in re ctal tempera ture 
accounted for by wind veloc ity . The following s ignificant p redi ction 
equat ion 
TR = 102 . 7  - 0 . 0013  VW 
TR = rectal temperature , degree F 
shows the relat ionship o f  rectal temperature and wind velo city. 
The r elat ionship o f  rectal temperature and amb ient temperature was 
TR= 101 . 9 - 0. 019  TA , 
which signif ican tly expl ains 17 . 3  percent of the variat ion in rectal 
tempera ture ,  Figure 6 .  Over the temperature range o f  the study , a 
decreas e  in amb ient temperature was accompanied by an increase in rectal 
temperature . 
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percent of the var i ab ility in re ctal. t emperature giving the following 
significant predi ction equat ion : 
TR = 10 2 . 7 - 0 . 00 1 1  VW - 0 . 01 1  TA 
whi ch is shown in Figu re 7 .  This indicates that at a c ons t an t  tempera­
ture an increase in wind ve.lo ci ty will cause a d e creas e in rectal 
temperature . 
Al though the change in rectal temperatures was s igni f i cant with 
respect t o  wind velocity and amb ient temperature , there was no more than . 
a 3 . 5  F ove rall r ange in re ctal temperatures . The elevating effe ct o f  
decreasing amb ien t  temper ature o n  rectal t empera ture may b e  due t o  a 
s light overcompensation in heat production in response t o  heat d is s i­
pation . No s ignif icant change in rectal tempera ture was rep or t ed in the 
literature (17 , 19 , 4 3 ,  and 20)  until amb ient temp erature exceeded 80 F ,  
then an inc rease was no ted .  
Respira tion Rate 
The winter climatic conditions experienced by the Hols te in s teer 
calves pr oduc ed a 13 to 26 b reaths per minu te range in resp irat ion rates . 
It  was found that resp i ration rates decreased with an incre as e  in wind 
Veloci ty and a decrease in amb ient temperature . Comb inat ions of wind 
veloci ty and low amb ient temperature had an additive effect �n depress ing 
respirat ion rat es . Corresp ondingly , Kib ler and Brody (17 ) repor ted 
minimal respira t ion rates of 10 to 15 per minu te for Jers ey and Hols tein 
cows at 4 F and the resp ira t ion ra te at 5 F was 0 . 4  of that at 50 F .  
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found a de crease in respiration rates from 2 5  to 15 per minu te for 
Hols tein cows , 20 to 14 for Jerseys , and 14 to 12 for B rahmans . Wo rs tell 
and B rody (43)  also repor ted a decrease in resp iration rates with a 
decrease in temperature from 40 t o  8 F for European and India evolved 
cat t le .  Kib ler , e t . al . (23) agreed wi th this  t rend in resp iration 
rates . The effe ct o f  wind velocity on the resp ira tion rates o f  Hols tein , 
Jersey , and B rown Swiss c ows was determined by Kibler and Brody ( 20 ) .  
At 17  F an increase in wind velocity from 0 . 5  to 10 . 0  mph caused li ttle 
change to a sligh t  decrease in resp iration rates , while a t  higher tempera­
tures resp iration rates de creased with an increase in wind velocity . 
Respiration rates showed a general increase for amb ient t emperatures 
from 5 to 105 F wi th a greater sl ope from 70 tc 105 F .  
Wind ve locity exp lained · 16.2 percent o f  the vari ation i n  resp iration 
rates . The s i gnificant predic tion equation 
RR = 20 . 3  - 0 . 00 3 1  VW 
illus trated in Figure 8 ,  shows that resp irat ion rate de creases with an 
increase in w ind velocity . 
Resp i ration rate is  also reduced by decreas ing amb ient tempera ture , 
which a c counted for 4 . 5  pe rcent of the variat ion in respira tion rate . 
Figure 9 il lus trates the s ignificant prediction equation : 
RR =  1 7 . 5 + 0 . 03 7  TA 
Comb ining the effects of wind velocity and amb ient temperature 
explained 25 . 4 percent of the total variation in resp iration r at e . The 
following s i gnificant predic tion equation 
RR = 20 . 0  - 0 . 00 3 6  VW + 0 . 054  TA 
QJ .j.J 
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illus trated in Figure 10 , shows tha t amb ien t tempera ture and wind 
velo c i ty c omb ine to produce the same effect as a much l ower t emperature 
with no wind . Figure 10 can b e  used as an effect ive temp erature index » 
for example , it  indi cates that 30 F wi th a 9 00 feet per minu t e  or 10 . 2  mph 
wind velo c i ty produ ced the same respiration rate as a temp erature of 
-10 F and a 300 feet  per minu te ( 3 . 4  mph) wind ve l o c i ty . The cons t an t  
resp irat ion r a t e  l ines i n  Figure ·· 10 serve a s  a guide t o  effective 
temperatures for comparing amb ient t emperature and wind velo c i ty 
comb inations . In order t o  use Figure 10 as an eff e c t ive t emperature 
index seve ral assump t ions need to be made . Fi.rs t ,  resp irat i on rate mus t 
be assumed t o  b e  a good indicator o f  animal comfor t , and s e condly , i t  
must  b e  assumed that the data collected are representive o f  the response 
of o ther c alves • 
.fil9:.!!. Tempera tu re 
The effe ct  o f  amb ien t temperature and wind veloci ty on skin temper a-
tures was analys e d  using the differences between the re c tal and skin 
temperatures for  each side of the calf . 
DTS R  = TR - TSR 
DTS L  = TR - TSL 
DTS R  = temperature dif ferent ial on righ t  s id e , F 
DTSL - temperature dif ferent ial on left  s i de , F 
TSR skin temperature of right side 
TSL = skin temperature of left side 
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s ide than on the leeward s ide of  the calves , the following cri t e ria 
were used : 
DPHI = PHIW PHI C 
DTMAX = DTSL , i f  DPHI = 9 0 °  o r  - 2 70 °  
DTMIN = DTS R ,  i f  DPHI = 90 ° o r  - 2 70 °  
Dl'MAX = DTSR,  if  DPHI = 2 7 0 °  
DTMI N  = DTSL , i f  DPHI = 2 70°  
DT = IYrMAX - DTMIN 
DTMAX = temperature differential on windward s id e  
DTMIN = temperature differential on leeward s id e  
PHIW = wind direc tion 
PHI C  = direct ion of �alf facing 
34 
S ta t i s t i c al analysis in the fo rm of s t ep-wis e  mul t ip le regres sion 
was used to show the rela tionships between DTMAX and DTMIN , ambient 
tempera ture , and wind velo ci ty . 
A sign i f i c an t  relationship was found between DTMAX and wind 
velo city tha t accoun t ed for 4 . 7 percent of the variation in DTMAX . The 
predic t ion equat ion being : 
IJI'MAX = 1 7 . 2  + 0 . 005 6 VW .  
Ambien t  t emperature was more success ful in p redic t ing skin 
temperature ,  in tha t , i t  explained 20 . 2  percen t o f  the variat ion in 
DTMAX . The s ignificant predic t ion  equation is as f o llows : 
DTMAX = 2 5 . 9  - 0 . 2 5 TA 
The comb ined effect  o f  wind velocity and amb ient temperature 
35 
accoun ted f or 35 . 2  per cent of the variation in DTMAX wi th the s ignifi c ant 
relat ionship de s crib ed in the following p rediction equa t i on : 
IJI'MAX = 18 . 5  + 0 . 011 VW - 0 . 33 TA 
Ambient t emperature had no s igni f i cant ef fect  on the diffe rence in 
rect al and leeward skin temperature . Relationships were also developed 
b etween temp erature difference on the leeward s ide and wind veloci ty and 
ambient temper ature . However ,  only 6.0 percent of the variation was 
accoun t ed for . No s ignifican t di fferences were found in the regress ion 
of DT . 
Some of  the variation in skin temperatures i s  due t o  errors in data 
coll e ction caus ed by displ acement o f  the skin contact  thermocouples by 
animal movement . The b lank spaces in . the skin �emperatur e  co lumns of 
Table 2 are the resul t of dele ting the obvious ly erroneous d at a .  Skin 
contact was diff icul t  to maintain , ther efore , further exp er imentation is 
needed along with ref inemen t o f  skin tempera ture data col le c t ion t e ch­
niques ,  if s uch d ata is to accurately represent a physiolog i cal response 
to win ter c limatic  f actors under natural conditions . 
The dif ference in skin and rectal temperatures increas ed with 
increas ing wind velocity and decreas ing amb ient temp eratur e . Thi s  agrees 
with Thomps on , et . a l .  (36) , who reported that skin temperature o f  dairy 
calves de creased with increasing air velocity roughly in proportion 
to de creases  in amb ient temperature .  Thompson , et . al . (35 )  found th at 
skin temperatures incre ased linearly with amb ient temperature from zero 
to 6 5 . F and then con t inue d to increase at a reduced slop e . 
CONCLUS IONS 
The follow ing conclusions were reached in this s tudy : 
1 .  Pul s e  rates r anged from 6 0  t o  138 b eats /min for a range 
36 
of wind vel o ci ties from 3 . 1  to 15 . 8  mph and amb ient temp era­
tures from 3 7 . 5  t o  -12 . n  F.  There was a s ignif i c ant de crease 
in pul s e  r at e  wi th an increas e in wind velo ci ty . 
2 .  A s ix th degree polynomial was needed to show the relat ion­
ship of pulse rate and amb ien t temperature .  I t  was con cluded 
from weather s tatis tics , pulse rate dat a , and the l i terature 
that acclima tization of the calves on different days  may 
have contributed to the nonl ineari ty of the pulse rate ve rsus 
ambient t emperature relationship . Pulse rat es did generally 
tend to increase wi th de cre ased amb ient t emperature . 
3 .  Rec t al t emperatures increased from 100 . 0  to 103 . 5  F with 
de creased wind velocity and amb ien t temp er ature . 
4 .  Resp i ration rates decreased from 26 to 1 3  b reaths p e r  minu te 
with increas ed wind velocity and de creas e d  amb ien t t emperature . 
The comb ined effe c t  of wind ve locity and amb ient t emperature 
on resp iration rat e gave some informa tion concerning the 
effe c tive temperatures of comb inations of wind ve locity and 
amb ient temperature . 
5 .  Inc reas ing wind velocity and decreasing amb ient tempera ture 
s ignificantly depressed skin temperatures . 
3 7  
SUMMARY 
.Ambient temperatuYe , wind velo city , relative humi d i ty , and solar 
radiation were monitored along with the phys iological responses o f  pulse 
rate , respirat ion rate , rect al temperature , and skin temp e rature , in an 
attemp t t o  d e t ermine the c ombinations of natural c limatic £ actors mos t 
influential on animal comfo r t . The study was conduc ted from De cember 1 ,  
19 7 3  t o  March 7 ,  1 9 7 4  on the South Dako ta S tate Univers i t y  Dairy Research 
Farm app roximately two miles  north o f  Brookings , South Dako t a . Amb ient 
tempera tures r anged from 3 7 .5 to - 12 F and wind velocit ies from 3 . 1  mph 
to 1 5 . 8  mph . The three Hols tein s t eer calves used in the s tudy were 
wintered outdoors , and were moved from this somewhat shel te red lo t to 
stalls in an open field fo r data colle ction . 
Increas ed wind velo city tended to de crease pul s e  rat e . There was 
no s ignif ican t  l in ear trend of  increas ing pul se rate with d e creasing 
amb ient tempe rature , but the variety of pulse rates r e corded led to a 
significant s ixth degree po lynomial in order to explain the effect o f  
amb ient t emp er ature • . Ac climatization was l ikely a f ac t o r  af fec t ing 
the pul s e  rates of the calves . 
I t  was also found tha t  rectal temperatures , skin t emp eratures , and 
resp ira t ion rates decreased with an increase in wind vel o ci ty . Re ctal 
temper atures  increased whil e  resp iration rates and skin temperatures 
decreased with a de crease in amb ient temperature . 
The effects  o f  wind veloci ty and amb ient t emperature on respi ration 
ra t e were comb ine d  to form an effective temperature index whi ch can b e  
38 
used to compare wind velo city and amb ient temp er ature comb inations and 
p red i c t  resp iration rates . 
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APPENDIXES 
APPENDIX A .  Lis t of Symbols 
Tab le 1 .  Lis t o f  Symbols 
Symb o l  De s crip tion 
TA Amb ient t emperatur e , degrees F 
VW Wind velocity , fee t p er minu te 
RH Re la tive humid i ty , p er cent 
SR Solar radiat ion in t ens i ty , 
gm- cal/cm2 
PR Pulse rate , per minu te 
TR Rectal temperat ure , degrees F 
RR Resp irat i on rate , per minute 
TSR Skin tempera ture r ight s id e , 
degrees F 
TSL Skin t emperature l e f t  s ide , 
degre.es F 
PHIW Wind d ire c tion , degrees c l o ckwi s e  
from nor th 
PHI C  Dire c t ion of cal f fac ing , degrees 
clockwise f rom nor th 
PHI S  Dire c tion o f  the sun , d egrees 
clockwise from nor th 
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APPENDIX B .  Phyiolog i c al Responses to  Win t er Clima t ic Fac tors 
Table 2 .  Phyiological Responses t o  Win ter Climatic ·Fa c t ors 
Calf S R  vw RH TA T S R  T SL TR RR PR 
Time Mo nth Day Y� ar No . PHI S  PHIW PHI C  gm-cal/  f t . % �.'F O F O F O F p er / p er / 
cm2 p er min . min . 
min . 
1500 12 1 7 3  1 2 20 150 60 0 . 5  1 3 9 2  5 8  3 6 . 5  1 01 . 5  
1 500 1 2  1 7 3  1 2 20 150 60  0 . 5  1 3 9 2  5 8  3 6 . 0  6 0 . 0  7 4 . 0  102 . 0  
1515  12 1 7 3  1 2 20 1 5 0  60  0 . 4  139 2 5 8  3 6 . 5  6 2 . 5  7 3 . 0  102 . 0  
1 5 15 12  1 7 3  1 220  150 60  0 . 4  139 2 5 8  3 6 . 5  61 . 5  7 3 . 5  102 . 0  
1530 1 2  1 7 3  1 2 20 150 60  0 . 3  139 2 5 8  3 7 . 5  64 . 0  7 7  . o  102 . 0  
1500 12  1 7 3  2 2 20 150 60  0 . 5  139 2 5 8  36 . 5  7 2 . 5  7 9 . 0  100 . 5  
1500 1 2  1 7 3  2 220 1 50 60 0 . 5  1 39 2  5 8  3 6 . 0  7 5 . 0  8 0 . 0 1 00 . 5  
15 15 12 1 7 3  2 2 20 1 5 0  60  0 . 4  1 3 9 2  58  3 6 . 5  7 1 . 5 I 8 0 . 0 100 . 5  
1515  12  1 7 3  2 2 2 0  1 5 0  6 0  0 . 4  1392  58  3 6 . 5  7 6 . 5  8 0 . 5  100 . 5  
1 5 30 1 2  1 7 3  2 220 150  60 0 . 3  139 2 5 8  3 7 . 5  7 5 . 5  80 . 0  1 00 . 5  
1500 1 2  1 7 3  3 2 20 150 60 0 . 5  139 2 5 8  3 6 . 5  69 . 0  8 1 . 0  1 01 . 0  
1500 12 1 7 3  3 2 20 1 50 60 o . s  139 2 5 8  36 . 0 82 . 5  1 01 . 0 
1515  12  1 7 3  3 2 20 150 60  0 . 4  1 39 2  5 8  3 6 . 5  8 1 . 0 1 01 . 0  
1 5 1 5  12 1 7 3  3 220 150 60 0 . 4 1392  58  3 6 . 5  6 3 . 5  80 . 5  101 . 0  
15 30 12  1 7 3  3 2 2 0  1 5 0  60  0 . 3  1392  5 8  3 7 . 5  70 . 0  80 . 5  101 . 5  
1500 12 7 7 3  · 1  2 20 190 100 0 . 3  1368 64 3 7 . 0  7 5 . 5  102 . 5  
1500 12 7 7 3  1 220  190  100 0 . 3  1368 64  3 7 . 0  81 . 0  102 . 5  
1515 12  7 7 3  1 220  1 9 0  100 0 . 3 1368  64  3 7 . 0  10 2 . 0 
1515  12  7 7 3  1 2 20 19 0 100 0 . 3  13 6 8  6 4  3 7 . 0  7 6 . 0  102 . 0  
1530 12 7 73  1 2 2 0  1 9 0  100 0 . 2  1368 64 36 . 5  81 . 0  7 4 . 0  102 . 0  1 5 . 0  9 8 . 0  
15 30 1 2  7 . 73 1 220 190 100 0 . 2 1368 6 4  36 . 5  80 . 5  75 . 0  102 . 0  15 . 0 9 6 . 0  
1545 12 7 73  1 220 190 100 0 . 2  13 68 64 36 . 5  81 . 5  102 . 0  
1545 12  7 73  1 2 20 190  100 0 . 2  13 6 8  64 3 6 . 5  7 7  . o  102 . 0  
1600 12 7 73 1 2 20 190 100 0 . 1 13 68 64  37 . 0  10 2 . 0  
� 
00 
Table 2 .  Con t inued 
Calf SR vw RH TA TSR TSL TR RR PR 
T ime Mon th Day Year No . PHIS PHIW PHI C  gm-cal / f t . % O F O F 
O F O F per/ per / 
cm2 p er min . min . 
min . 
1500 1 2 7 7 3  2 220 19 0  100 0 . 3  1368  64  3 7 . 0  82 . 5  8 2 . 0  101 . 5  
1 500 1 2  7 73 2 2 2 0  190  100  0 . 3  13 6 8  64 3 7 . 0  83 . 0  8 2 . 5 101 . 5  
15 1 5  1 2  7 7 3  2 2 20 19 0 100 0 . 3  1368  64 3 7 . 0  84 . 0  82 . 0  1 01 . 5  
1515  12 7 7 3  2 2 2 0  1 9 0  100 0 . 3  13 6 8  
'64 3 7 . 0  84 . 0  8 2 . 0  101 . 0  
1 5 30 1 2  7 7 3  2 2 20 190 100 0 . 2  1368  64  3 6 . 5  82 . 5  82 . 0 101 . 0  1 5 . 0  108 . 0  
1 5 30 1 2  7 7 3  2 220 190 100 0 . 2  136 8  6 4  3 6 . 0  84 . 0  81 . 0  101 . 5  10 2 . 0  
154 5 1 2 7 7 3  2 220 19 0 · 100 0 . 2  �368  64 3 6 . 0  8 5 . 0  81 . 0 101 . 5  
1 5 4 5  12 7 7 3  2 2 20 1 9 0  100 0 .- 2 1 3 6 8 64  3 6 . 0  8 3 . 0  80 . 0  101 . 5  
1 600 1 2  7 73  2 2 20 190 100 0 . 1  136 8  64 3 7 . 0  8 2 . 0 8 2 . 5 101 . 0  
1 500 1 2  7 7 3  3 2 20 190 100 0 . 3  136 8 64 37 . 0  86 . 0  86 . 5  10 2 . 0  
1500 1 2  7 7 3  3 2 20 190 100 0 . 3  1 36 8 6 4  3 7 . 0 85 . 0 8 6 . 0  1 0 2 . 0  
1515 12 7 . 7 3  3 2 20 190 100 0 . 3  1368  64 3 7 . 0  7 8 . 0  102 . 5  
1515  12 7 7 3  3 2 20 190 100 0 . 3  1368 64  37 . 0  88 . 0  8 6 . 0  1 02 . 0  
1 5 30 12  7 7 3  3 2 20 190 100 0 . 2  1368 64  3 6 . 5  85 . 0  81 . 0  10 2 . 0  1 5 . 0  100 . 0  
1 5 30 12 7 7 3  3 2 20 190 100 0 . 2  136 8 64  36 . 0  8 7 . 0  80 . 0  101 . 5  9 7 . 0  
1545 12 7 7 3  3 2 20 19 0 100 0 . 2  1368 64 36 . 0  87 . 0  78 . 0  101 . 0  
1545  12 7 7 3  3 2 20 190 100 0 . 2  1368  64  3 6 . 0  87 . 0  7 9 . 0  101 . 5  
1600 12 7 73  3 2 20 190 100 0 . 1  1368  64  3 7 . 0  85 . 0  7 6 . 0  101 . 5  
1430 12  3 1  7 3  1 210 310 40 0 . 5  7 5 6  5 0  -10 . 5  80 . 0  6 9 . 0  102 . 0  
1430 12 31 73 1 210 310 40 0 . 5  7 5 6  50 - 11 . 5 82 . 0  6 7 . 0  102 . 0  
14 45  12 31 73 1 210 310 4 0  o . s  7 5 6  5 0  -11 . 0  81 . 0  6 9 . 0  102 . 0  
1445 12 31 73 1 210 3 10 40  0 . 5  7 5 6  5 0  -10 . 5  80 . 0  6 8 . 0  102 . 5  
1500 12  31  73 1 210 310  40  0 . 4  7 5 6  50 - 10 . 0  82 . 0  102 . 5  
1500 12 31 73  1 2 10 3 10 40 0 . 4  7 5 6 50 - 11 . 0  8 3 . 0  1 02 . 5  1 7 . 0  6 0 . 0  
1515 12 31 73 1 210 31 0 4 0  0 . 3  7 5 6  5 0  -11 . 0  80 . 0  7 2 . 0  102 . 5  1 6 . 0  6 6 . 0  
1515  12  31 73 1 210 310 40 0 . 3  7 5 6  5 0  -12 . 0  81 . 0  70 . 0  1 02 . 5  20 . 0  6 6 . 0  
1530 1 2  3 1  7 3  1 210 3 10 40 0 . 3  7 5 6  5 0  -11 . 5  84 . 0  6 8 . 0 102 . 5  1 6 . 0  � 
1530  1 2  3 1  7 3  1 210 310 40 0 . 3  7 5 6  50 -11 . 0  8 3 . 5  102 . 5  
\0 
Table 2 .  Continued 
Calf  SR vw RH TA TSR TSL TR RR PR 
Time Mon
.
th Day Year No . PHIS . PHIW PHIC gm-cal/ f t . % O F O F 
O F O F per/ per/ 
cm2 per min . min . 
min . 
1430 12 31  73  2 210 3 10 40 0 . 5  7 5 6  50 -10 . 5 8 2 . 0  5 0 . 0  102 . 0  
1430 12 31 73 2 210 3 10 40  o . s  7 5 6 50  -11 . 5  102 . 0  
144 5 12  31 73 2 . 210 3 10 40  0 . 5 7 5 6  50  - 11 . 0  1 02 . 0  
1500 12 31 7 3  2 210 3 10 40  0 . 4 7 5 6  5 0  -10 . 0  10 2 . 5  
1500 1 2  3 1  7 3  2 210 310 40 0 . 4  7 5 6  5 0  - 11 . 0  82  • .5 4 6 . 5  102 . 5  1 7 . 0  7 4 . 0  
1515  12 31  73 2 210 310 40  0 . 3  7 5 6  5 0  -11 . 0  8 7 . 0  102 . 5  1 6 . 0  80 . 0  
1515 1 2  3 1  7 3  2 210 310 4 0  0 . 3  7 5 6  5 0  -12 . 0  83 . 0  102 . 5  19 . 0  7 8 . 0 
15 30 12 31 73 2 210 310 40 0 . 3 7 5 6  5 0  -11 . 5  85 . 0  4 4 . 5  102 . 5  20 . 0  
1530 1 2  3 1  73 2 210 310 40 0 . 3  7 5 6  50  -11 . 0  8 2,. 5 56 . 0  102 . 5  
14 30 12 31 73  3 210 410 40 0 . 5 75 6 so -10 . 5  7 3 . S  50 . 5  102 . 0 
14 30 1 2  3 1  7 3  3 210 3 10 40 o . s  7 5 6  5 0  - 11 . 5 74 . 5 4 7 . 0  102 . 0  
144 5 12  31 ' 73  3 210 310 40 0 . 5  7 5 6  50  -11 . 0 102 . 0  
14 45 12  31  73  3 210 310 40  0 . 5  7 5 6  50 -10 . 5  1 0 2 . 0  
1500 12  31  7 3  3 210 310 40 0 . 4 7 5 6  50 -10 . 0  7 6 . 5  1 0 2 . 0  
1500 12 31 7 3  3 210 310 40 0 . 4  7 5 6  5 0  -11 . 0  80 . 0  102 . 0  2 2 . 0  7 4 . 0  
1515 12 31 73 3 2 10 310 40 0 . 3  75 6 50  -11 . 0  53 . 0  10 2 . 0  1 7 . 0  68 . 0  
1515 12 31 73 3 210 3 10 40 0 . 3  7 5 6  50 -12 . 0  7 6 . 0  60 . 0  1 0 2 . 0  2 0 . 0  6 2 . 0  
1 5 30 12 31 73 3 210 310 40  0 . 3  7 5 6  5 0  -11 . 5  85 . 5 64-. 0 102 . 0  2 2 . 0  
1 5 30 12  31  73 3 210 310 40 0 . 3  756  5 0  - 11 . 0  78 . 0  6 1 . 5  102 . 0  
1400 01 2 74 1 200 135 45 0 . 6  73 8  90 o . o 7 9 . 0  89 . 0  1 02 . S  
1400 01 2 74 1 200 135 45  0 . 6  7 3 8  90  1 . 0 80 . 0  89 . 0  1 0 2 . 5  
1415 01 2 74 1 200 135 45 0 . 6  7 3 8  90  o . o 8 2 . 0  8 8 . 0  1 02 . 5  
1415 01 2 74 1 200 135 4 5  0 . 6  738  90 2 . 0  85 . 0  89 . 0  102 . 5  
1430 01 2 74 1 200 135  4 5  0 . 5  7 38 90 1 . 0  8 6 . 0  89 . 5 102 . 5  1 7 . 0  
1430 01 2 74 1 200 135  45  o . s  738  90  L O  82 . 5 90 . 0  1 02 . 5  1 8 . 0  116 . 0  
144 5 01 2 74 1 200 135  4 5  0 . 5 2 7 6  90  o . o 81 . 0  9 0 . 0  10 2 . 5  15 . 0  104 . 0  
1445  01  2 74 1 200 1 3 5  4 5  0 . 5  2 76 90 i . 5 81 . 0  90 . 0  1 0 2 . 5  1 7 . 0  




Table 2 .  Continued 
Calf SR vw RH TA TSR TSL TR RR PR 
Time Month Day �ear No . PHIS PHIW PHIC gm- c�l /  f t . % O F  O F O F O F per/ per / 
cm per min . min . 
min . 
1 500 01 2 74 1 200 1 35 4 5  0 . 5  2 76 9 0  2 . 5  80 . 0 9 2 . 0  103 . 0  
1500 01 2 74 1 200 135  4 5 0 . 5  2 7 6  9 0  3 . 0 81 . 0 9 2 . 0  103 . 0  
1515  01  2 74 1 200 135 45  0 . 1. 2 7 6 9 0  2 . 0 7 9 . 0  9 0 . 0  10 2 . 5  
1400 01 2 74 2 200 135 45 0 . 6  7 38 9 0  o . o  7 4 . 5  10 2 . 5  
1400 0 1 2 74  2 200 135 4 5 0 . 6  7 38 90 1 . 0 7 5 . 5  102 . 5  
1415 01 2 74  2 200 135 4 5  0 . 6  7 3 8 9 0  o . o 10 2 . 5  
1415 01 2 74 2 200 135  45  0 � 6 738  90  2 . 0  7 6 . 5  8 2 . 0  10 2 . 5  
14 30 01 2 74 2 200 135 45 0 . 5  738  90  1 . 0 7 8 . o  80 . 0  10 2 . 5  1 5 . 0  
1430 01 2 74 2 200 135 45 o . s  738  90  1 . 0 80 . S 102 . 5  19 . 0  13 2 . 0  
1445 01 2 74  2 200 135 45 o . s  2 76 90 o . o  7 9 . 5  10 2 . 5 1 5 . 0  134 . 0  
144 5 01 2 74 2 200 1 3 5  45  o .  5 ' 2 76 9 0 1 . 5  83 . 0  10 2 . 5  1 5 . 0  130 . 0  
1500 01 2 · 74 2 200 135 45  o . s  2 7 6  9 0  2 . 5 7 6 . 5  80 . 0  103 . 0  
1500 01 2 74 2 200 135  45  0 . 5 2 7 6  9 0  3 . 0  79 . 0  7 7  . 5  102 . 5  
1515 01 2 74 2 200 135 45 0 . 4  2 7 6  90  2 . 0 7 8 . 5  82 . 5  102 . 5  
1400 01 2 74 3 200 135 45  0 . 6  738  90  o . o  83 . 5 80 . 0 102 . 0  
1400 01 2 74 3 200 135 45 0 . 6  7 3 8  90  1 . 0 80 . 0  10 2 . 0  
1415 01 2 74 3 200 135 . 45 0 . 6  i38  9 0  o . o  81 . 5  102 . 0  
1415 01  2 74 3 200 135  4 5  0 . 6  7 3 8  9 0  2 . 0 85 . 0  80 . 0  102 . 0  
1430 01 2 74 3 2 00 135 45  0 . 5  738 90 1 . 0 89 . 5  81 . 0 102 . 5  2 3 . 0  
1430 01  2 74 3 200 135  45  0 . 5  738 9 0  1 . 0 88 . 5  10 2 . 0  2 3 . 0 118 . 0  
1445 01 2 74  3 200 135 45  0 . 5  2 7 6  9 0  o . o  82 . 5  102 . 0  1 9 . 0  110 . 0  
144 5 01 2 74  3 200 135 45 0 . 5  2 76 90  1 . 5 83 . 0  102 . 0  2 2 . 0  1 1 4 . 0  
1500 01 2 74 3 200 135 45  o . s  2 7 6 9 0  2 . 5  80 . 0  10 2 . 0 
1500 01 2 74 3 200 135  45  o . s  2 7 6  9 0  3 . 0  80 . 0  102 . 0  
1515 01  2 74 3 2 00 135  4 5  0 . 4  2 7 6  90 2 . 0  84 . 0  102 . 5  
VI 
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Table 2 .  Continued 
Calf SR vw RH TA TSR TSL TR RR PR 
Time Month Day Year No . PHIS PHIW PHI C  gm- cal / f t . % O F 
O F O F O F  per/  per / 
cm2 per min . min . 
min . 
14 30 01 4 74 1 200 130 40 0 . 5  42 6 60 2 . 5  102 . 5  
1430 01 4 74 1 200 130 4 0  0 . 5  42 6  5 0  3 . 0  10 2 . 5  
144 5 01 4 74 1 200 130 40 o . s  426  60 3 . 0  80 . 5  102 . 5 
14 4 5  01 4 74 1 200 130 40 0 . 5  426  I 60 3 . 0 81 . 0  102 . 5  
1500 01 4 74  1 200 130 40 0 . 4  426  6 0  3 . 5  81 . 5  102 . 5  1 8 . 0  106 . 0  
1 500 01 4 74 1 2 00 130  4 0  0 . 4 4 2 6  60 3 . 5 81 . 0  1 0 2 . 5  16 . 0  
102 . 0  
1515  01  4 74  1 200 130 40 0 . 4 4 2 6  6 0  4 . 5 82 . 0 102 . 5  18 . 0  100 . 0  
1 5 1 5  01 4 74 1 200 130 40 0 . 4 42 6  6 0  4 . 0 80 . 0  8 8 . 0  102 . 5  
1530 01 4 74 1 200 130 4 0 0 , 3 4 2 6  60  5 . o  , 87 . 0  102 . 5  
1330 01 4 74  l 200 130 40 Q , 3 426  60  5 , 0 8! . S  10 2 . !  
14 30 01 4 74  2 200 130 40 o . s  4 26 60 2 . 5  103 . 0 
1430 01 l+ . 74 2 200 130 40 o . s  426  60  3 . 0 7 9 . 0  103 . 0  
144 5 01 4 74  2 200 130 40 0 . 5  4 2 6  60  3 . 0 81 . 0  80 . 0  103 . 0  
144 5 01 4 7 4  2 200 130 40 o . s  426 60  3 . 0 103 . 0  
1500 01 4 74  ·2 200 130 40 0 . 4 426 60 3 . 5  79 . 5  103 . o  1 6 . 0  130 . 0  
1500 01 4 74 2 200 130 40  0 . 4 4 2 6  60 3 . 5  79 . 0  80 . 5  103 . 5  20 . 0 12 8 . 0 
1515 01 4 7 4  2 200 130 40 0 . 4  4 2 6  60 3 . 5 80 . 5  80 . 5  103 . 5 1 6 . 0  124 . 0  
1515 · 01 4 7 4  2 200 130 40 0 . 4  4 2 6  6 0  4 . 0  80 . 0  82 . 5  103 . 5  
1530 01 4 74  2 200 130 40 0 . 3 426  6 0  s . o  83 . 0  103 . 5  
1530' ·01 4 74 2 200 130 40 0 . 3  4 2 6 60 5 . 0  7 8 . 0  83 . 0  103 . 5  
1430 01 4 74 3 200 130 40 0 . 5  4 2 6  6 0  2 . 5  80 . 5  101 . 5  
1430 01 4 74 3 200 130 40  0 . 5  42 6 60 3 . 0 80 . 5 101 . 5  
1445  01 4 74 3 200 130 40  0 . 5  426  6 0  3 . 0  83 . 0  102 . 0  
144 5  01 4 74 3 200 130 4 0  0 . 5  4 2 6 60 3 . 0  102 . 0  
1500 01 4 74 3 200 130 40 0 . 4  4 2 6  60  3 . 5 102 . 0  21 . 0  122 . 0  
1500 01 4 74 3 2 00 130 40 0 . 4 4 2 6  6 0 3 . 5  81 . 0  10 2 . 0  18 . 0  106 . 0  
U1 
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Tab le 2 .  Co ntinued 
Ca lf SR vw RH TA TSR TSL TR RR PR 
Time Mon.th Day Year No . PHIS PHIW PHI C gm-cal / ft . % O F O F O F O F per/ per /  




1515  01  4 74 3 200 130 40 0 . 4 426  60  3 . S  81 . 0  80 . 0  l0 2 . 0  20 . 0  102 . 0  
15 15 01 4 7 4  3 200 130 40 0 . 4  4 2 6  6 0  4 . 0 8 1 . 5  80 . 0  102 . 0  
1 5 30 01 4 7 4  3 . 200 130 40 0 . 3  4 2 6  60  s . o  83 . 0 8 2 . 0  102 . 0  
15 30 01 4 74  3 200 130 40  0 . 3  4 2 6  60 s . o  102 . 0  
1330 01 8 74  1 200 310 40  o . 4  1050 60  o . o 8 8 . 5  79 . 0  101 . 5  
1330 01 8 74  1 200 3 10 4 0  0 . 4  1050 60 0 . 5  101 . 5  
1345 01 8 74  1 200 3 10 40  o -. 4  105 0 60  o . o  7 7  . o  101 . 0  
134 5 01 8 74  l 200 310 40 0 . 4 1050 60 -o . s  88 . 5  79 . 5  101 . 0  
1400 01 8 7 4  1 200 310 40 0 . 3  1050 60 o . o  86 . 0  101 . 5  
1400 01 8 74  1 200 310 40 0 . 3  1050 60 o . o  88 . 5  7 7  . o  101 . 5  
1415 01 8 7 4  1 200 310 4 0 0 . 3  1050 60 1 . 0  88 . 5  . ] 8 . 5 101 . 5  16 . 0  116 . 0  
14 15 01 8 7 4  1 200 310 4 0  0 . 3  1050 60 o . o  7 7  . 5  101 . 5  11 6 . 0 
1430 01 8 74  1 200 3 10 40  0 . 3 1050 60 o . o  8 8 . 5  101 . 5  1 2 0 . 0  
14 30 01 8 7 4  1 200 3 10 4 0  0 . 3  1050 60 -0 . 5 7 7  . o  101 . 5  
14 4 5  0 1  8 74  1 200 310 4 0  0 . 3  1050 60 o . o  7 6 . 5  101 . 5  
14 45 01 8 74 1 200 3 10 40 0 . 3 1050 60  o . o 101 . 5  
1330 01 8 · 7 4  2 200 310 4 0  0 . 4 1050 60 o . o 9 0 . 5  7 6 . 0 101 . 5  
1330 01 8 74  2 200 310 40 0 . 4 105 0 6 0  0 . 5 9 2 . 0 101 . 5  
134 5 01 8 74  2 200 310 40 0 . 4  1050 60 o . o  101 . 0  
1345 01 8 74 2 200 310 40 0 . 4 105 0 60 -o . s  101 . 0  
1400 01 8 74 2 200 310 40 0 . 3  105 0 60  o . o  7 5 . 0  101 . 5  
1400 01 8 74 2 200 3 1 0  4 0 0 . 3 . 1050 60 o . o  82 . 5 7 3 . 5  101 . 5  
. 1415 01 8 74 2 200 310 40 0 . 3  105 0 6 0  1 . 0 83 . 5  101 . 5  14 . 0  138 . 0  
14 15 01 8 74 2 200 310 40 0 . 3  1050 6 0  o . o  84 . 5  101 . 5  
14 30 01 8 74  2 200 310  40  0 . 3  1050 60 o . o  101 . 5  
14 30 01 8 74 2 200 310 40 0 . 3  1050 60 -0 . 5  1 01 . 5  
1445  01 8 7 4  2 200 . 310 40 0 . 3  1050 60 o . o 7 5 . 0  101 . 5  
14 4.S 01 8 74 2 200 310  40  0 . 3 1050 60 o . o  7 5 . 0  1 01 . 5 . 
VI 
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Tab le 2 .  Con tinued 
Calf SR vw RH . TA TSR TSL TR RR PR 
Time Month Day Ye ar No . PHIS  PHIW PHIC gm-cal/ f t . % OF O F OF O F per/ per/ 
cm2 per min . min . 
mi.n . 
1330 01 8 74  3 200 310 40 0 . 4 1050 60  o . o  101 . 0  
1 3 30 01 8 74  3 200 310  40  0 . 4  1050 60 o . s  7 2 . 0  1 01 . 0  
1 34 5  01 8 7 4  3 200 3 10 4 0  0 . 4  1050  6 0  o . o 88 . 0  101 . 0  
1345 01  8 7 4  3 200 3 1 0  4 0  0 . 4 1.050 60 -0 . 5  88 . 0  101 . 0  
1400 01 8 7 4  3 200 310  4 0  0 . 3  1050 60 o . o  88 . 5  1 01 . 0  
1400 01 8 74  3 200 3 10 40  0 . 3  1050 60  o . o  89 . 0  7 2 . 5  101 . 5  
1415 01  8 7 4  3 200 310 40 0 . 3 · 10so 60 1 . 0  8 7 . 0  7 7 . 0  101 . 5  
14 15 01 8 74  3 200 3 10 40  o. .  3 1050 60  o . o 8 6 . 0  7 5 . 0  101 . 5  1 5 . 0  108 . 0  
1430 01 8 74  3 200 310 40 0 . 3  1050 60  o . o 8,7  . o  7 7  . o  101 . 5  106 . 0  
1430 01  8 74  3 200 3 10 40  0 . 3  1050 60 -0 . 5  87 . 0  1 01 . 5  106 . 0  
144 5  0 1  8 74  3 200 3 10 4 0  0 . 3  1050 60 o . o  1 01 . 5  
1445 01  8 7 4  3 200 3 10 40  0 . 3  1050 60 o . o 101 . 5  
1430 01 11 . 74 1 2 10 310 40  0 . 6  6 7 8  7 0  -9 . 0  10 2 . 5  
1430 01 11 74  1 210 310 40 0 . 6  6 7 8  7 0  -8 . S  8 7 . 0  7 5 . 5  102 . 5  
1445 01  11 74 1 210 3 10 40  o . s  6 7 8  7 0  -9 . 0  75 . 0  102 . 0  
1445 01 11 74 1 210 310 40 0 . 5  6 7 8  70  -9 . 0  8 7 . 0  102 . 0  
1500 01  11 74  1 210 310 40  0 . 5  6 7 8  70 -9 . 0  88 . 0  7 6 . 0  102 . 5  
1500 01 11 74 1 210 3 10 40  0 . 5 6 7 8  7 0  -9 . 0  87 . 5  7 7  . o  102 . 5  15 . 0  106 . 0  
1515 01  11  74  1 210 310 · 40  0 . 5  678  70  -9 . 0  89 . 5  7 6 . 5  1 02 . 5  15 . 0  108 . 0  
1515 01 11 74  1 210 310 40 0 . 5  678  70  -9 . 0  9 2 . 0  80 . 5  102 . 5  1 08 . 0  
15 30 01 11 74 1 210 3 10 40 0 . 2  6 7 8  7 0  -8 . 5  79 . 0  1 02 . 5  
1530 01 11 74 1 210 310  40  0 . 2  678  7 0  -9 . 0  1 02 . 5  
1430 01 11 74  2 210 310 40 0 . 6  6 78 7 0  . -9 . 0  101 . 0  
1430 01 11 74 2 210 310  4 0  0 . 6  6 78 70  -8 . 5  1 01 . 5  
1445 01 11 74 2 210 310  40  0 . 5  6 78 7 0  -9 . 0  73 . 0  101 . 5  
1445 01 11 74 2 210 310 40  o . s  6 7 8  7 0  -9 . 0  83 . 0  7 1 . 5  101 . 5  
l.11 
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Tab l e  2 .  Continued 
Cal f SR vw RH TA TSR TSL TR RR PR 
Time Month Day Year No . PHIS  PHIW PHIC gm-cal ( f t . % O F O F O F O F per/  per/  
cm2 per min . min . 
min . 
1500 01 11  74  2 210 3 10 40 0 . 4  6 7 8  7 0  -9 . 0  83 . 0  101 . 5  
1500 01  11  74  2 210 3 10 40  0 . 4  6 7 8  70 -9 . 0  83 . 5  102 . 0  16 . 0  1 2 6 . 0  
1515  0 1  1 1  74  2 210 3 10 40  0 . 3  6 7 8  7 0  -9 . 0  102 . 0  13  . o  126 . 0  
1515  01 11 74  2 210 3 10 4 0  0 . 3 6 7 8 I 7 0  -9 . 0  86 . 0  7 8 . 5  102 . 0  1 2 8 . 0  
1 5 30 0 1  1 1  74  2 210 3 10 40 0 . 2  6 7 8  7 0  - 8 . 5  86 . 0  7 6 . 5  102 . 0  
1530 0 1  1 1  74  2 210 3 10 40 0 . 2  6 7 8  7 0  -9 . 0  7 4 . 0  102 . 0  
1430 01 11 74  3 2 10 310 40 0-. 6 6 78 70  -9 . 0  81 . 5 102 . 0  
1430  0 1  11  74  3 210 3 10 40 0 . 6  6 7 8  7 0  -8 . 5  82 . 0  74 . 5  102 . 0  
1445 01 11  74  3 2 10 3 10 4 0  o . s  6 7 8  7 0  -9 . 0  82 . 5  7 6 . 5  102 . 0  
1445 01 11 74  3 210 3 10 40 0 . 5  6 7 8  7 0  -9 . 0  84 . 5  7 5 . 5  102 . 0  
1500 01  11  74 3 210 310 40 0 . 4 6 7 8  70 -9 . 0  8 1 . 0  7 7  . 5  102 . 0  
1500 01 1 1  7 4  3 210 310 40  0 . 4  6 78 7 0  -9 . 0  82 . 0  78 . 0 102 . 0  1s . o · 110 . 0  
1515 01 11 74 3 210 310  4 0  0 . 3  6 7 8  7 0  -9 . 0  81 . 5  7 7  . 5  102 . 0  15 . 0  110 . 0  
1 515 01 11 74 3 2 10 310 40 0 . 3  6 78 7 0  -9 . 0  83 . 0  7 7  . o  102 . 0  108 . 0  
1530 01 11 74  3 210 310 40  0 . 2  6 7 8  7 0  - 8 . 5 82 . 5  7 9 . 0  102 . 0  
1530 01 11 74  3 210 3 10 4 0  0 . 2  6 78 70 -9 . 0  84 . 0  80 . 0  1 02 . 0  
0830 01 17 7 4  1 130 125 35 o . o  7 3 2  8 0  3 3 . 0  78 . 5  78 . 0  101 . 5  
0830 01  17  74  1 130 125 35  o . o  7 3 2  80 3 2 . 5  7 9 . 0  101 . 5  
0845 01 17  7 4  1 130 125  35 0 . 1  7 3 2  80  3 2 . 0  101 . 5  
084 5 01 1 7  74 1 130 125 35 0 . 1  7 3 2  8 0  3 2 . 0  7 9 . 0  101 . 5  
0900 01 17  74  1 130 125  35  0 . 1  7 3 2  80 3 2 . 5  80 . 5 7 6 . 0  102 . 0  
0900 01 17 74 1 130 125  3 5  0 . 1  732  80  3 2 . 5  80 . 0  7 9 . 0  102 . 0  2 2 . 0  96 . 0  
0915 01 17 74 1 130 125 35  0 . 2  234 80 3 2 . 5  81 . 0  7 7  . o  102 . 0  20 . 0  100 . 0  
0915 01  17  74  1 130 125  35  0 . 2  234 80 3 3 . 0  80 . 5  81 . 0  102 . 0  2 3 . 0  9 2 . 0  
0930 01  1 7 74 1 130 125  35  0 . 3  234 80 3 3 . 0  83 . 0  8 2 . 0  102 . 0  19 . 0  94 . 0  
0930 01 17 74 1 130 125  35  0 . 3  2 34 80 34 . 5  85 . 0  84 . 0  102 . 0  
V1 
V1 
Tab le 2 .  Con t inue d  
Cal f  SR vw RH TA TSR TSL TR RR PR 
Time Month Day Year No . PHIS PHIW PHI C  gm- cal / f t . % o F 
O F O F O F per/  p er / 
cm2 per min . min . 
min . 
0945 01 17  74  1 130 1 2 5  3 5  0 . 3  2 34 80 34 . 5  9 1 . 0  84 . 0  1 0 2 . 0  
0945  01 17 74 1 130 125  3 5  0 . 3  2 34 80 35 . 0  9 2 . 0 8 8 . 0  102 . 0  
0830  01  17 74  2 130 1 2 5  35  o . o  7 3 2 80 3 3 . 0  102 . 0 
0830 01  17  74  2 130 1 2 5  3 5  o . o  7 3 2  80 3 2 . 5 79 . 0  7 4 . 0 102 . 0  
0 8 4 5  01 17  74  2 130 1 2 5  3 5  0 . 1  7 3 2  8 0  3 2 . 0  102 . 0  
0 84 5  0 1  1 7  7 4  2 130 125  35 0 . 1  7 3 2  80 3 2 . 0  102 . 0  
0900 01 1 7  7 4  2 130 1 2 5  3 5  0 . 1  7 3 2  80 3 2 . 5  80 . 5  7 7  . o  102 . 0  
0900 01 1 7  7 4  2 130 12 5 35 0 . 1  732  8 0  32 . 5  s + . o  76 . 0  102 . 0 is . o  104 . 0  
09 1 5  01 1 7  7 4  2 130 12 5 35  0 . 2  234 80 32 . 5  81 . 0  7 7 . 0  102 . 5  19 . 0  104 . 0  
0915 01  17  74  2 130 1 2 5  35 0 . 2  2 34 80 3 3 . 0  8 2 . 0  1 8 . 0  101 . 0  23 . 0  102 . 0  
0930 01 17 74  2 130 125  35  0 . 3  234 80 3 3 . 0  8 2 . S  . 7 9 . 5 1 0 2 . 5  25 . 0  104 . 0  
09 30 01 17 7 4  2 130 125  3 5  0 . 3  2 34 80 34 . 5  84 . 0  79 . 0  102 . 5  
0945 01 1 7  74 2 130 12 5  3 5  0 . 3  23 4  80 34 . 5  88 . 0  80 . 0  10 2 . 5  
0945 01 17  74  2 1 30 125  3 5  0 . 3  2 34 80 3 5 . 0  9 2 . 0 8 2 . 5  102 . 5  
0830 01 17 7 4  3 130 125  35  o . o  7 3 2  80 3 3 . 0  7 6 . 0  7 9 . 0  101 . 0 
0830 01 · 1 7  74 3 1 30 125  3 5  o . o  7 3 2 80 3 2 . 5  7 6 . 5  101 . 0  
0845  01  17  7 4  3 130 12.5 35 0 . 1  7 3 2  80 3 2 . 0 78 . 0  101 . 0  
084 5  01 17  7 4  3 130 12 5 35  0 . 1 7 3 2  80 3 2 . 0 7 9 . 0  79 . 0  101 . 0  
0900 01 1 7  7 4  3 130 125  35 0 . 1  73 2 80 3 2 . 5 83 . 0 101 . 5  
0900 01 17 74 3 130 1 2 5  35  0 . 1  7 3 2 80 3 2 . 5  8 7 . 0  102 . 0  23 . 0  100 . 0  
09 15 01 17 7 4  3 130 125 35 0 . 2 2 34 80 3 2 . 5  102 . 0  2 6 . 0  9 6 . 0  
09 15 01 17  74  3 130 125  35  0 . 2  234 80 3 3 . 0  88 . 5  84 . 5  102 . 0  25 . 0 96 . 0  
09 30 01 1 7  7 4  3 130 125  35  0 . 3  2 34 80 3 3 . 0  9 2 . 0 102 . 0  24 . 0  98 . 0  
0930 01 17 74 3 130 125  35  0 . 3  234  80 34 . 5  94 . 0  95 . 5  102 . 0  
0945 01 17 74 3 130 125 35 0 . 3  234  80  3 4 . 5  9 8 . 0  96 . 0  102 . 0  
094 5  0 1  17 74 3 130 125  35  0 . 3  2 34 80 3 5 . 0  9 3 . 5  102 . 0  
VI °' 
Table 2 .  Con tinued 
Calf SR vw RH TA TSR TSL TR RR PR 
Time Month Day Year No . PHIS  PHIW PHI C  gm-cal / f t . % O F O F O F O F per / per/  
cm2 per min . min . 
min . 
0930 01  19 74  1 1 50 60 o . o  1116 90  10 . 5  101 . 0  
0930 01 19 74 1 150 60 o . o  1 116  90  1 1 . 0  101 . 0  
0945  01  19  74  1 150  6 0  o . o  1116 9 0  1 1 . 0  7 0 . 0  101 . 0  
0945  01 19 74 1 150 60 o . o 1.116 90  1 1 . 0  7 1 . 0  6 8 .  0 101 . 0  
1000 01 19 7 4  1 150 60 0 . 1  1116 9 0  1 1 . 0 1 01 . 0  
1000 01 19 74 1 150 60 0 . 1  11 16 9 0  11 . 0  101 . 0  1 5 . 0  100 . 0  
1015 01 19 7 4  1 150 60  0 . 1  · 1116 90 11 . 5  73 . 5  101 . 0  1 5 . 0  9 8 . 0  
1015 01 19 74 1 150  60 0 . . 1 1116 90 12 . 0  70 . 0 101 . 0  1 5 . 0  9 8 . 0  
1030 01 19 7 4  1 150  60  0 . 1  1116 90 13 . 0  7A . O  7 3 . 0  101 . 0  9 6 . 0  
1030 01 19 74  1 150  6 0  0 . 1  1116 90 1 2 . 5  7 2 . 0 69 . 0  101 . 5  
104 5 01  19  74  1 150 60  0 . 1  1116 90 12 . 5  7 5 . 0  101 . 5  
1045 01 19 . 7 4  1 150 60  0 . 1  1116 90 13 . 0  7 6 . 0  6 8 . 5  101 . 0  
0930  01 19 . 7 4  2 150 60 o . o 1116 90 10 . 5  101 . 0  
09 30  0 1  1 9  7 4  2 150 60 o . o  1116 90  1 1 . 0  101 . 0  
0945 01  19  74  2 150 60 o . o 1116 90 11 . 0  6 8 . 0  101 . 0  
0945  01  19 74  2 150 60 o . o  1116 90 11 . 0  101 . 0  
1000 01  19  7 4  2 150 60 0 . 1  1116 90 11 . 0  101 . 0  
1000 01 19 7 4  2 150 60 0 . 1  1116 90 11 . 0  101 . 0  19 . 0  110 . 0  
1015 01 19 74 2 150 · 60 0 . 1 1116 90  1 1 . 5  69 . 0  101 . 0  17 . 0  112 . 0  
1015 01 19 74  2 150 60 0 . 1  1116 90 12 . 0  69 . 0  101 . 0  1 8 . 0  112 . 0  
1030 01 19 7 4  2 150 60 0 . 1  1116 90 13 . 0  7 1 . 0  7 1 . 0  101 . 0  112 . 0  
1030 01  19  74  2 150 60 0 . 1  1116 90 12 . 5  7 4 . 0  69 . 5  101 . 0  
104 5  01  19 74 2 150 60  0 . 1  1116 90 12 . 5  73 . 0  6 7 . 0  101 . 0  
104 5  01 19 74 2 150 6 0  0 . 1  1116 90 13 . 0  74 . 0  69 . 0  101 . 0  
0930 01 19 74  3 150 60 o . o 1116 90 10 . 5  101 . 0  
0930 01  19 74  3 150  60  o . o  1116 90 11 . 0  6 9 . 0  83 . 5  101 . 0  
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Table 2 .  Cont inued 
Calf SR vw PJI TA TSR TSL TR RR PR 
Time Mon th Day Year No . PHIS PHIW PHI C gm-cal/ f t . % O F 
O F OF O F p er /  per /  · 
cm2 per min . min . 
min . 
094 5 0 1  19  7 4  3 150 60 o . o  11 16 90  11 . 0  69 . 5  80 . 0  101 . 0  
094 5 01 19 7 4  3 150  60  o . o 1116 90 11 . 0  101 . 0  
1000 0 1  1 9  7 4  3 150 60  0 . 1 1116 90  11 . 0  6 8 . 0  101 . 0  
1000 0 1  1 9  7 4  3 150 60 0 . 1  1116 ' 90 11 . 0  7 6 . 0  101 . 0  . 18 . 0  1 06 . 0  
10 15 01  19 7 4 3 150  60  0 . 1  1116  90  1 1 . 5  74 . 5  101 . 0  1 6 . 0  110 . 0  
1015 01  19  74  3 150  60  0 . 1  1116 9 0  1 2 . 0  74 . 5  101 . 0  1 7  . o  108 . 0  
1030 01 19 74  3 150 . 60 0 . 1  1116 90 13 . 0  6 9 . 0  7 5 . 0  101 . 0  112 . 0  
10 30 01 19 7 4  3 150  60  0 . 1  1116 90 1 2 . 5  7 1 . 0  7 5 . 0  1 01 . 0  
104 5  0 1  19 74 3 150  60 0 . 1  11 16 90  1 2 . 5  68 . 5  101 . 0  
104 5 01 19 74  3 150  60  0 . 1 1116 90  1 3 . 0  7 2 . 5  101 . 0  
1430 01 24 74 1 210 16 5 7 5  0 . 5  882 7 5  2 7 . 0  80 . 0  9 4 . 0  101 . 0  
1430 01  24 74  1 2 10 165  7 5  0 . 5  882 7 5  26 . 5  81 . 0  85 . 5  101 . 0  
1445 01 24 7 4  1 2 10 165  7 5  0 . 4  882 7 5  2 6 . 5  81 . 5  85 . 5  101 . 5  
1445 01  24 74  1 210 165  7 5  0 . 4  882 7 5  2 6 . 5  81 . 5  86 . 5  101 . 5  
1500 01 24  7 4  1 210 165  7 5  0 . 3  882 75  26 . 5  7 8 . 0  101 . 5  
1500 01 24 74  1 210 165 7 5 0 . 3  844 7 5  27 . 0  7 9 . 0  101 . 5  19 . 0  9 6 . 0  
1515 01  24 74 1 2 10 165  75  0 . 3  844 7 5  2 7 . 0  7 9 . 5  82 . 5 1 01 . 5  17 . 0  9 0 . 0  
1515 01 24 71+ 1 2 10 165  75  0 . 3  844  7 5  2 7 . 0  7 9 . S  83 . S  101 . 5  17 . 0  9 2  . o  
1530 01  24  74  1 210 165  7 5  0 . 2  844  7 5  26 . 5  81 . 0  83 . 5  101 . 5  96 . 0  
1530 01 24 74  1 210 165  7 5  0 . 2  844 75 27 . 0  7 7  . 5  1 01 . 5  
1545 01 24  74  1 210 165 7 5 0 . 2  844 7 5  26 . 5  7 7  . o  82 . 5  101 . 5  
1545 01 24 74  1 210 165  7 5  0 . 2  844 7 5  27 . 0  7 8 . 0  83 . 5  101 . 5  
1430 01 24 74 2 210 165 75 0 . 5  882 75  27 . 0  101 . 0  
14 30 01 24 74 2 210 16 5 75  0 . 5  882 75 26 . 5  87 . 0  101 . 0  
1445 01 24 74 2 210 165  7 5  0 . 4  882 7 5  26 . 5  8 7 . 0  101 . 5  
1445 01  24 74  2 210 165  7 5  0 . 4  882 75 26 . 5  86 . 5  101 . 5  
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Table 2 .  Continued 
Calf S R  vw &.'tf TA TSR TSL TR RR PR 
Time Month Day Year No . PHIS PHIW PHI C gm-cal / f t . % 
O F O F O F O F per/  p er/  
cm2 per min . min . 
min . 
1500 01 24  74  2 210 165  7 5  0 . 3  882 7 5  2 6 . 5  86 . 0  101 . 5  
1500 01 24  74  2 210 165  7 5  0 . 3  882 75  27 . 0  7 8 . 5  86 . 0  101 . 5  17 . 0  110 . 0 
1515 01 24 74  2 · 210 165 75  0 . 3  844 75 27 . 0  86 . 0  1 01 . 5  1 5 . 0  112 . 0  
1515  01 24 74 2 210 165  75  0 . 3  844 75  27 . 0  87 . 0  101 . 5  16 . 0  1 10 . 0  
1530 01 24 74  2 210 165 75 0 . 2  844 75 26 . 5  83 . 5  88 . 0  101 . 5  116 . 0  
1530  01 24 74  2 210 165 7 5  0 . 2  844 75 27 . 0  84 . 0  88 . 0  101 . 5  
1545 01 24 74 2 210 165 75 0 . 2  844 75 26 . 5  83 . 5  88 . 0  101 . 5  
1545 01 24 74 2 210 165 75 0 . 2  844 75 27 . 0  84 . 5  87 . 5  101 . 5  
1430 01 24 74  3 210  165  7 5  0 . 5  882 7 5  2 7 . 0  88 . 0  90 . 0  101 . 0  
14 30 01 24 7 4  3 210  165  75  0 . 5  882 7 5  26 . 5  85 . 0  89 . 0  101 . 0  
1445 01 24 74 3 210 165 75 0 . 4  882 7 5  26 . 5  . 91 . 0  101 . 0  
144 5 01  24 . 74  3 210 165 75  0 . 4  882 75  26 . 5 86 . 0  91 . 0  101 . 0  
1500 01 24 74 3 210 165 75  0 . 3  882 7 5  26 . 5  91 . 5  101 . 5  
1500 01 24 74 3 210 165 75 0 . 3  882 7 5  27 . 0  85 . 0  91 . 0  101 . 5  18 . 0  104 . 0  
15 15 01 24 74 3 210 165 75 0 . 3  844 7 5  27 . 0  101 . 0  18 . 0  104 . 0  
1515 01 24 74 3 210 165  7 5  0 . 3  844 75 27 . 0  89 . 0  101 . 0  102 . 0  
1530 01 24 74 3 210 165  75  0 . 2  844 7 5  2 6 . 5  8 7 . 5  88 . 0  101 . 0  102 . 0  
15 30 01 24 74 3 210 165 75 0 . 2  844 7 5  27 . 0  87 . 5  89 . o  101 . 0  
1545  01  24  74 3 210 165  7 5  0 . 2  844 75 26 . 5  85 . 0  8 7 . 5  101 . 0  
1545 01 24 74 3 210 165 75 0 . 2  844 7 5  27 . 0  90 . 0  101 . 0  
14 00 02 14 74 1 210 110 20 0 . 6  5 22  75  18 . 5 93 . 5  96 . S  102 . 0  
1400 02 14 74  1 210 110 20 0 . 6  5 2 2  7 5  19 . 0  9 3 . 5  9 6 . 5  102 . 0  
1415 02 14 74 1 210 110 20 o . s  522 75  18 . 5  9 3 . 5  98 . 0  102 . 0  
1415 02  14  74  1 210 110 20 0 . 5  522  7 5  19 . 0  94 . 0  98 . 0  102 . 0  
1430 02  14  74  1 210 110 20 0 . 4  522  7 5  18 . 0  94 . 0  9 8 . 5  102 . 0  
1430 02 14 74 1 210 110 20 0 . 4  5 2 2  7 5  18 . 0  95 . 0  9 7 . 0  102 . 0  16 . 0  1 00 . 0  
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Table 2 .  Continued 
Calf SR vw RH .TA TSR TSL TR RR PR 
Time Month Day Year No . PHIS PHIW PHI C gm-cal/  f t . % 
O F O F O F O F per/ per/ 
cm2 per min . min . 
min . 
144 5 02  14 7 4  1 2 10 110 20 0 . 4  522  7 5  1 8 . 0  9 3 . 0  9 7 . 0 102 . 0  20 . 0  1 00 . 0  
1445 02 14 74  1 2 10 110 20  0 . 4  5 22 7 5  1 8 . 0  9 3 . 0  9 7 . 0  102 . 0  20 . 0  
9 8 . 0  
1 500 02 14 74  1 2 10 110 20 0 . 3  5 22 7 5  19 . 0  94 . 0  9 6 . 5  102 . 0  
100 . 0  
1500 02 14 74 1 210 110 20 0 . 3  5 22  75  18 . 5 94 . 5  9 7 . 0  102 . 0  
1500 0 2  1 4  7 4  1 210 110 20 0 . 3  5 2 2  7 5  18 . 5 91 . 5  96 . 5 102 . 0  
1400 02 14 74 2 210 110 20 0 . 6  . 522  75  18 . 5  87 . 0  8 5 . 5  101 . 0  
1400 0 2  1 4  7 4  2 210 110 20 o . . 6 5 2 2  7 5  19 . 0  86 . 0  86 . 5  101 . 0  
1415  02 14 74  2 210 110 20 0 . 5  522  75  18 . 5  8,7 . 5  88 . 5 101 . 0  
14 15 02 14 74 2 210 110 20 0 . 5 5 2 2  75  19 . 0  92 . 0  8 7 . 0  101. . 0  
1430 02  14  74  2 210 110 20 0 . 4 5 2 2  7 5  18 . 0  90 . 5  90 . 0  101 . 0  
1430 02 14 74  2 210 110 20 0 . 4  5 2 2  7 5  18 . 0  87 . 5  90 . 5  101 . 0  1 8 . 0  106 . 0  
1445 02 14 74  2 210 110 20 0 . 4  5 22 7 5  18 . 0  86 . 5  87 . 0  101 . 0  16 . 0  106 . 0  
144 5 02  14 74 2 210 110 20 0 . 4  5 2 2  7 5  18 . 0  101 . 0  1 6 . 0  100 . 0  
1500 02 14 7 4  2 210 110 20 Q . 3  5 22 7 5  19 . 0  1 01 . 0  100 . 0  
1500 0 2  1 1+ 74  2 210 110 20 0 . 3  5 22 7 5  1 8 . 5  89 . 0  88 . 0  101 . 0  
1515 02 14 74 2 210 110 20 0 . 3  5 2 2  7 5  1 8 . 5 88 . 5  101 . 0  
15 15 02  14 7 4  2 210 110 20 0 . 3  5 22 75  18 . 5  88 . 5  101 . 0  
1400 02 14 74 3 210 110 · 20 0 . 6  5 22 75  18 . 5  91 . 5  88 . 0  101 . 0  
1400 02 14 74 3 210 110 20 0 . 6  5 22 7 5  19 . 0  91 . 5  88 . 0  101 . 0  
14 1 5 0 2  14 7 4  3 210 110 20 0 . 5  522  75  18 . 5  93 . 5  86 . 0  101 . 0  
14 15  02  14 74 3 210 110 20 0 . 5  5 2 2  7 5  19 . 0  90 . 0  87 . 0  101 . 0  
14 30 02 14 . 74 3 210 110 20 0 . 4  
5 22 7 5  18 . 0  93 . 0  86 . 5 101 . 0  
14 30 02 14 74 3 210 110 20 0 . 4  5 2 2 75  18 . 0  90 . 0  8 7 . 0  101 . 0  21 . 0  8 0 . 0  
14 45  02  14 74 3 210 110 20 0 . 4  5 2 2  7 5  18 . 0  87 . 0 101 . 5  1 6 . 0  8 2 . 0  
1445  02  14  74  3 210 110 20 0 . 4  5 22 7 5  18 . 0  86 . 0 101 . 5  18 . 0  
82 . 0  
1500 02 14 7 4  3 210 110 20 0 . 3  5 2 2  75  19 . 0  88 . 5 88 . 0  101 . 5  
84 . 0  
1500 02 14 " 74  3 210 . 110 20 0 . 3  5 22 7 5  18 . 5  88 . 5  87 . 5  101 . 5  
c-. 0 
Table 2 .  Continued 
Calf SR vw RH TA TSR TSL TR RR PR 
Time Month Day Year No . PHIS PHIW PHIC gm- cal / ft . 
0/ O F O F O F O F per/  per/  /O 
cm2 per min . min . 
min . 
1 5 15 02  14 74 3 2 10 110 20  0 . 3  5 2 2  7 5  1 8 . 5  8 7 . 0  85 . 0  101 . 5  
15 15  02 14 74  3 210 110 20  0 . 3  5 2 2  7 5  1 8 . 5 101 . 5  
0930 03  7 7 4  1 60 330 0 . 2  1332  I 70 2 5 . 0 87 . 0  
09 30 03 7 74  1 60 330 0 . 2  1332  7 0 25 . 0  89 . 0  
094 5 03 7 74  1 60 330 0 . 2  1332  7 0  25 . 0  88 . 0  100 . 0  19 . 0  7 6 . 0  
0945 03  7 74 1 60  . 3 30 0 . 2  1332  70  26 . 0  89 . 5  1 00 . 0  19 . 0 7 2 . 0 
1000 03 7 74  1 60 3 30 0 . 3  ' 13 3 2  7 0  26 . 0  8 8 . S  100 . 5  17 . 0  7 4 . 0  
1000 03 7 74 1 60  3 30 0 � 3  1 3 3 2  7 0  2 6 . 0  8 7 . 0 100 . 5 1 7 . 0  7 6 . 0  
1015 03 7 74  1 60 3 30 0 . 3  1332  70  26 . 0  s6 . o  
1015 03 7 7 4  1 60 330  0 . 3  133 2  7 0  2 7  . o  86 . 0  100 . 5  
1030 03  7 74 1 60  330  0 . 3  1332  70  27  . o  85 . 5  100 . 5  
1030 03 7 74  1 60 3 30 0 . 3  133 2 70  27 . 0  88 . 0 100 . 5  
104 5 03 7 74  1 60 330 0 . 3 1332  7 0  27 . o  88 . 0  100 . 5  
104 5 03 7 7 4  1 60 330  0 . 3  133 2  7 0  27 . 0  87 . 0  101 . 0  
0930 03 7 74 2 60 330 0 . 2  1332  7 0  25 . 0  85 . o  8 8 . 5 
0930 03  7 74 2 60 3 30 0 . 2  1332  70  25 . 0  8 6 . 0  
094 5 03 7 7 4  2 60 330 0 . 2  13 32  70  25 . 0  86 . 0  1 00 . 0  19 . 0 8 2 . 0  
094 5 03 7 74 2 60 . 330 0 . 2  13 3 2  7 0  26 . 0  8 5 . 0  100 . 0  1 6 . 0  80 . 0  
1000 03 7 74 2 60 330 0 . 3  1332  7 0  26 . 0  87 . 0  100 . 5  16 . 0 7 8 . 0 
1000 03 7 7 4  2 60 330 0 . 3  1332  70  26 . 0  86 . 5  100 . 5  17 . 0 7 6 . 0  
1030 03 7 74  2 60 330 0 . 3  1332  70  27 . 0  8 7 . 5  89 . 5  100 . 5  
1030 03 7 74  2 60 3 30 0 . 3  1332  70 27 . 0  8 7 . 0  89 . 0  100 . 5  
1045 03 7 74  2 60 330 0 . 3  1332  70  27 . 0 88 . 0  89 . 0  100 . 5 
104 5 03 7 74  2 60 330 0 . 3  1332  70  27 . o  88 . 0  89 . 0  101 . 0  
0930 03 7 74  3 60  3 30 0 . 2  133 2  7 0  25 . 0  7 9 . 0  85 . 0  
0930 03 7 74 3 60 330 0 . 2  1332  70  2 5 . 0  85 . 0  
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Table 2 .  Cont inued 
Cal f 
Time Month Day Ye ar No . PHI S  PHIW PHI C 
094 5  0 3  7 7 4  3 60 330  
0945  03  7 7 4  3 60 330 
1000 03 7 74  3 60 330 
1000 03 7 74  3 60  330  
1015 03 7 74  3 60 330 
1015 03 7 74  3 60  330 
1030 03  7 7 4 3 60  33 0 
1030 03 7 74  3 60  330  
104 5  03 7 74  3 60 330  
104 5 03 7 7 l� 3 60  330 
SR vw RH 
gm- cal/ f t . % 
cm2 p er 
min . 
0 . 2  133 2  7 0  
0 . 2  1332  7 0  
0 . 3  1332  7 0  
0 . 3  1332 70  
0 . 3  1332  70  
0 . 3  1332  7 0  
0 . 3  1332 7 0  
0 .· 3 1332  70  
0 . 3  1332  7 0  
0 . 3  13 32 7 0  
TA T S R  T S L  
O F O F O F 
25 . 0  7 8 . 0  8 5 . 0  
26 . 0  7 8 . 5  86 . 0  
26 . 0  7 7  . o  86 . 0  
26 . 0  7 8 . 0  86 . 0  
26 . 0  8 7 . 5  
27 . 0  81 . 0  
27 . 0  8 2 . 0  8 6 . 5 
27 . 0  86 . 5  
27 . 0  
27 . 0  8 7 . 0  
TR RR 
O F per/ 
min . 
100 . 0  17 . 0  
1 00 . 0 1 7 . 0  
100 . 5  1 7 . 0  
100 . 5 17 . 0  
100 . 5  
100 . 5  
100 . 5  




7 6 . 0  
7 4 . 0  
7 8 . 0  
80 . 0  
O'\ 
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APPENDIX C .  The Army ' s  Wind Chill Char t 
Table 3 .  The Army ' s  Wind Chill Chart 
Wind Actual Thermome ter Reading ( ° F . ) 
Speed 30 20 10 0 -10 -20 -30 -40 
(m h) 
Equivalent Temperature ( ° F . ) 
calm 30 2 0  10 0 - 10 - 20 -30 -40 
5 27  . 16 6 -5  -15  
I 
-2 6 -3 6 -4 7  
10 16 4 -9 - 2 1  -33 -4 6 -5 8 -70  
15 9 - 5 -1 8  -3 6  . -4 5  -5 8  -7 2 - 85 
20 4 -10 - 2 5  -3 9  -53 - 6 7  - 82 -9 6  
2 5  0 -1 5  -29 -4 4  - 59 -7 4  -88 -104 
30 - 2 -18 -33 -48 -63 -79 -94 - 109 
35 -4 - 20 -35 -49 -6 7  - 82 -98 -113 
40 -6 - 21 -37 -53 -69 - 85 -100 -116 
To use the chart ,  f ind the wind speed in the left-hand column and the actual temperature · 
in the top row . The equivalent temperature is found where these two intersect . 
For example , with a wind speed of  10 mph and a temperature of  -10° F ,  the equivalent 
tempera ture is -33°  F .  
°' 
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APPENDIX. D .  High and Low Daily Amb ient Tempera tures , Degrees F 
Table 4 .. High and Low Daily Ambient Temperatures , Degrees F 
Decemb er January February March 
Date High Low High Low HiBh Low High Low 
1 30 18 -10 -34 5 -8 5 7  2 6  
2 40 2 7  - 4  - 25 10 2 6 7  3 1  
3 35 24  4 -1 6  1 9  -12 6 4  3 2  
4 30 14 8 - 20 -1 - 20 4 8 2 8  
5 25  12  6 - 19 19  - 1 5 6 30  
6 19 4 2 -14 19 9 56 3 5  
7 28  4 4 - 2 8  14 -14 4 1  2 1  
8 39 18 -2 - 28  15 -14 
9 49 15 2 -31 2 2  -18 
10 23 - 1 - 2  - 27 32 0 
11 20 1 -1 -15 22  7 
12 33 16 -6 - 31 43  8 
13 28 9 1 -18 46  8 
14 14 9 15 0 1 8  10 
15 12 -1 38  8 2 5  2 0  
16 12  -17 38 10 35 20 
17 18 -15 47 2 3  4 3  2 0  
1 8  23  1 7  39  2 0  43 2 7  
19 19 -14 20 - 2 36  21  
20  10 -16 2 6 8 43 2 1  
21  10 -13 31 20 36 2 6  
22  22  9 25  12  29  8 
23  3 5  12  24  5 23 1 
24 2 5 16  3 2  6 13 -3 
2 5 2 3  20 35 9 2 0  -1 
26  . 23 13  36  17 39  4 
27  24  11 34 8 4 6  2 5  
2 8  25  4 27  9 4 9  18  
2 9 19 -2 35 9 
30 9 -28  4 5 2 3  
3 1  -10 -32 40 -8 °' 
°' 
APPENDIX E .  Mul t iple Regress ion Analysis 
Tab le 5 .  Mul tiple Regression Analysis 
Equat ion R2 D . F .  
Pr = 110 . 1  - 0 . 0126 VW 0 . 07 2  107 
PR = 119 . 6  - 3 . 2 2 TA + 0 . 1 6 (TA) 2 
+ 0 . 023  (TA) 3 - 0 . 0031 (TA) 4 
+ 0 . 00012 (TA) S - 0 . 0000014 (TA) 6 0 . 6 81 102 
TR = 102 . 7  - 0 . 0013 VW 0 .  3 7-7 366  
TR = 101 . 9  - 0 . 0 19 TA 0 . 17 3  .3 6 6  
TR = 102 . 7  - 0 . 0011 VW - 0 . 01 1  TA 0 . 42 4  36 5 
RR = 20 . 3  - 0 . 00 31 VW 0 . 16 2 9 4  
RR = 17 . 50 + 0 . 037 T A  0 . 04 5  9 4  
RR = 20 . 0  - 0 . 0036 VW + 0 . 0 5 4  TA 0 . 25 4  93  
Mean 
Sguare Error 
26 6 . 043 
9 5 . 99 9  
0 . 34 1 
0 . 4 5 2  
0 . 3 16 
6 . 429 
7 . 32 5  
5 . 7 88 
Reduc tion 
in 
Sum of Sguares 
2203 . 7 2 6  
4017 . 5 7 0  
7 5 . 437 
34 . 69 1 
9 . 403 
1 1 7 . 019 
3 2 . 804 
6 6 . 05 2  
F 
8 . 2 8 
4 1 . 85 
2 21 . 2 2 
7 6 . 26 
29 . 7 6 
1 8 . 20 
4 . 48 
11 . 4 1 . 
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